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TARGET AND_BACKGROUND CAPTURE
METHODS WITH AMPLIFICATION FOR
AFFINTTY ASSAYS

This application is a divisiopal application of US. Ser.
No. 08/400.657 filed Mar. 8. 1995: which is a coptinuation
application of U.S. Ser. No. 08/257.469. filed Jup. 8. 1994
and now abandooed: which is a continuation application of
U.S. Seral No. 08/124.826. filed Scp. 21. 1993 and now
abandoned: which is 2 continuation application of U.S. Ser.
No. 07/946.749 filed Sep. 17. 1992 and now abandobed;
which is a contipuation application of U.S. Ser. No. 07/648,
468 filed Jan 31. 1991 and now abandoped; which is 2
contipuation-ip-part application of U.S. Ser. No. 07/136.920
filed Dec. 21. 1987 and now abandoned; and which is a
cortinuation-in-part application of U.S. Ser. No. 06/922.155
filed Oct 22. 1986 and pow abandoned. The disclosures of
Ser. No. 07/136.920 and 06/922.155 are incorporated herein

by reference. .
BACKGROUND OF THE INVENTION

The present invention pertains to methods, reageats.
compositions. kits, and instruments for use in capuring
target molecules. In particular. the present inventiop relates

" 1o methods. Teagents. compositions. and Kits for capaxring
deoxvribopucleic acid (DNA) or ribonucleic acid (RNA)
from clinical samples. Embodiments of the present ioven-
tion provide methods for rapid. sensitive detection of pucleic
acid targets in clinical samples adaptable to pop-radioactive
labeling techniques and autornation.

The following definitions are provided 10 facilitate an
apderstanding of the present invention. The term “biological
binding pair” as used in the present application refers to any
pair of molecules which exhibit parural affinity or binding
capacity. For the purposes of the present application. the
term “ligand™ will refer to one molecule of the biological
binding pair and the term “antiligand™ or “receptor” will
refer to the opposite molecuic of the biological binding pair.
For example. witbout limitation. embodiments of the present
invention have applications in nucleic add hybridization
assays where the bioclogical binding paif includes two
coroplernentary swands of polynucleic acid. One of the
sgands is desigpated the ligand and the other strand is
designated the antiligand. However. the biological binding

pair may include antigens and antibodies, drugs, and drug

reczptor sites apd enzymes and enzyme substrates.

The term “probe” refers 10 a ligand of known qualities
capable of selectively binding to a target antiligand. As
applied to nucliec acids. the term “probe” refers to a strand
of nucleic acid baviog a base sequence complementary to a
target strand. ’

The term “label™ refers to a molecular raciety capable of
detsction including, by way of example, without limijtation.
radioactive isotopes. €DZYIDES. lumipescent agents. and
dyes. The term “agent” is used ip 2 broad sense. including
any molecular moiety which partcipates in reactions which
lead to a detectable responsc. The term “cofactor” is used
broadly to inciude any molecular moiety which participates
in reactions with the agent.

The term “remicvable” is used in a hroad scose to
described an enptity which can be substantially dispersed
withip a medium apd removed or separated from the
mediumn by immotilization, filtering, partitioning. Of the
like.

The termn “support” when used alone includes conven-
tional supports such as filters and merobranes as well as
regievable supparts.

w

The term “reversible.” ip regard to the binding of ligands

_‘*—aidmiﬁ@:ﬁm‘apmnfbmmg-mammgupon-—— -

imposing changes which do not permagently altes the gross
chemical nature of the ligasd and antiligand. For example.
without limitation. reversible binding would include such
binding and relcase coptrolled by changes in pH.
temperature., and jonic strength which do oot destroy the
ligand or antiligand.

The term “amphify” is used in the broad sense to meab
creating an amplification product which may includs by way
of example, additional target molecules. ar target-like mol-
ecules which are capable of functioning in a manper like the
target malecule. or 3 molecule subject to detection steps in
place of the target molecule. which molecules are created by
virme of the presence of the arget molecule in the sample.
In the situation where the target is a polynucleotide. addi-
tional target. or target-like molecules. or molecules subject
to detecting can be made enzymatically with DNA of RNA
polymerases of trapscriptases.

Genetic information is stared ip living cells in threadlike
molecules of DNA. In vivo. the DNA molecule is a double
helix. each strand of which is 3 chain of nucleotides. Each
nucleotide is characterized by one of four bases: adenine
(A), guanine {G). thymine (T). and cytosine (C). The bases
are complementary in the sense that. due to-the orientation
of fonctiopal groups, esrrain base pairs atrract and bond to
each other through hydrogen bonding. Adenine in one strand
of DNA pairs with thymine i an opposing complementary
strand. Guanine in one strand of DNA pairs with cytosine io
an cpposing complementary strand. In RNA. the thymine
base is replaced by uracil {U) which pairs with adenine in an
opposing complementary strand.

DNA consists of covalently linked chains of deaxyribo-
pudeotides and RNA consists of convalently linked chains
of ribonuclcotidss. The geaetic code of 2 living crganism is
camied upon the DNA stand in the sequence of the base

pairs.

Each nucleic acid is linked by a phosphodiester brdge
between the five prime hydroxyl group of the sugar of onc
pucleotide and the three prime hydroxyl group of the sugar
of an adjacent pucleotide. Each linear strand of paturally
occurring DNA or RNA has one terminal end having a free
five prime hydroxyl group ad apother terminal end having a
thres prime hydroxyl group. The terminal ends of polynucie-
otides are often referred to as being five prime termini of
thres prime termini in reference to the respective free
hydroxy} group. Complementary strands of DNA and RNA
form antiparalle} complexes in which the three prime ter-
mina! end of one strand is oriented to the five prime temminal
end of the oppesing strand.

Nucleic acid hybridization assays are based on the ten-
dency of two nucleic acid strands to pair at complementary
regions. Prescntly. pucleic acid hybridization assays arc
primarily used 1o detect and identfy unique DNA or RNA
base scquences or specific genes ib 2 complete DNA
molecule. in mixmures of pucleic acid, of in mixures of
pucleic acid fragments. .

The identification of unique DNA or RNA sequences ar
specific genes within the total DNA or RNA extacted from
tissus or culture saroples may indicate the presence of
physiological or pathological conditions. In particular. the
identification of uniquec DNA or RNA sequences or specific
geaes. within the ota] DNA or RNA extracted from human
or animal tissue. may indicate the presence of genetic
diseases or conditions suck as sickle cell anemia. tissue
compalibility, cancer 7 1 precancerous states, of bacterial or

Ex_ 8 Pe 2]
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viral infections. The jdeptificaticn of vnique DNA or RNA
sequences of
exmacted from bacterial cultures @ tissue containing bacte-
ris may indicate the presence of entibiotic resistance. toxins.
viruses. or plasmids. or provide identification between types
of bacteria.

Thus. nucleic acid bybridization assays have great poten-
tial in the diagposis and detection of diseasc. Further poten-
tial exists in agriculture and food processing where nucleic
acid hybridization assays may be used to detect plant
pathogenesis ar toxin-producing bacteria.

One of the most widely used nucleic acid hybridization
assay procedures is known as tbe Scuthern blot filter bybrid-
ization method or simply. the Southern procedure (Southern,
E.J. Mol. Biol. I 98. 503. 1975). The Southern procedure
is used to identify target DNA or RNA sequences. This
procedure is gencrally carricd out sheets. The immobilized
sample RNA or DNA is contacted with radio-labeled probe
strands of DNA having a base seguence complementary 10
the target sequence carrying a radioactive moicty which can
be detected. Hybridization berween the probe and the
sarople DNA is allowed to take place,

The hybridization process is generally very specific. The
labeled probe will oot combine with sample DNA or RNA
~ if the two pucleotide entities do not share substantial
complementary base pair organization standard. Hybridiza-
Gon can take from hree to 48 hours depending on given
conditions.

However, as a practical msuer theze is always nop-
specific binding of the jabeled probe to supports which
appears as “background poise™ op detection. Background
poise reduces the sensitivity of an assay. Unhybridized DNA
probe is subssquently washed away. The nitrocellulose sheet
is placed on a sheet cf X-ray film and allowed to expose. The
X-ray film is developed with the exposed areas of the film
identifying DNA fragments which have been hybridized 10
the DNA probe and therefore have the base pair sequence of
interest. Y

The use of radioactive labeling agents in conjunction with
Southern assay techmiques have allowed the application of
pucleic acid assays t clinical saroples. Radioactive decay is
detectable even in clinical samples coptaining exuaneous
proteinaceous and organic material. However. the presence
of extrapeous proteinacecous and organic material may con-
wibute to nonspecific binding of the probe to the solid
support. Mareover. the use of radioactive labeling tech-
niques requires a jong exposure time to visualize bands on
X.ray film. A rypical Southern procedure may require 1 to 7
days far exposwre. The use of radioactive labeling agents
further requires special labaratery procedures and licenses.

The 2bove problems associated with assays involving
radioisotopic labels have led to the developmeat of tech-
niques employing ponisotopic labels. Examples of noniso-
topic labels include enzymes. luminescent agents. and dyes.
Luminescent labels emit light upon exitation by an external
energy source and may be grouped into categories deped-
dent upop the source of the exciting energy. including:
radiolurninescent labels deriving energy from high energy
particles; chemiluminescent labels which obtain epergy
from chemical reactions; bioluminescsat labels wherein the

specific gencs-within-mc.mtal.D;\"A or RNA___ assay
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exciting encrgy is applied in 2 biological system: and

photoluminescent o fuorescent labels which are excitable
by units of clectromagnetic radiation (photons) of infrared.
visual or ultraviolet light. See. generally. Smith et al.. Ann,
Clin. Biochem, 18: 253. 274 (1981).

Nonisotopic assay techniques employing labels excitabie
by nonradioactive energy Sources avoid the health hazards

and licensing problems encountered with radicisotopic label
techniques. Moreover, nonisotopic assay techniques
hold promise far rapid detection avoiding the Jong exposure
time associated with the use of X-ray film.

However. noRisctopic assays have not conveyed the sen-
sitivity or specificity to assay procedures necessary to be
considered reliable. In luminescent assays. the preseace of
proteins and other molecules carried in biological samples
roay cause scattering of the exciting light or may absorb light
in the specgum of emission of the luminescent label. result-
ing in a quenching of the luminescent probe.

In enzymatic assays. the presence of proteins and other
molecules carried in biological saraples may interfere with
the activity of the enzyme.

Sirpilarly. in colorimetric assays. the change in color may
pot be detectable over proteins and other materials carried in
biological samples.

Embodiments of the present ipvention are concerned with
target and background capture o1 supports and op retriev-
able supports including magnetic particles. Magnetic par-
for the synthesis of

RNA, polypeptides.
a defined sequences. See. for example. Europeas Patent

Application No. 83 112493.8 to Steven A. Benner and Geacet-
ics Institute. However, magnetic particles have not been
suggesied as retrievable supposts for target capture and
background removal.

Otber utilization of magnetic particles has included mag-
petic Aids in the blood, R. Neubauer. IEEE sransactions on
magnetics MAG-9. 445 (1973): attachment of functional
group for separation of biomolecules. U.S. Pat No. 3.970.
518 to 1. Giaver; labelling of cell-surface receptors. S.
Margel et aL. Jour. Jmm. Meth.
ment to drugs for magoetic targeting during therapeutic, A.
Senyei ct al.. J. App- Phys, 49 (6): 3578 (1978). K. Wieder
et al. Pro. Soc. of Exp. Bio. Med.,, 58:141 (1978), K
Mosbach apd U. Shroeder. FEBS lenters 102:112 (1979);
selective separation of viruses, bacteria, and other cells, R
Molday et al.. Nature 268:438 (1977): and incorparation of
magnetic particies as support in gel affinity chromatography
for biological polymers, K- Mosbach and L. Apderson.
Nasure 270:359 (1977), which are incorporated herein by
reference.

The use of a two probe system to effect target capture on
conventional pon-retrievable supports has becn suggested in
an article authored by Ann-Christine Syuanen, Mari Laak-
sonen ard Hans Soderlund entitled “Faster Quantification of
Nucleic Acid Hybrids by Affinity-Based Hybrid Collection:”
Nucleic Acids Research, 14(12): 5037 (1986).

SUMMARY OF THE INVENTION

Itis an object of the present invention 1o provide methods.
reagents. compositions. kits. and instrumentaton for per-
forming assays for target molccules of interest. Other objects
will be presented hereinafter. For convenpience, without
limitation embodiments of the present inveation can be
grouped into areas of target capture. background capture.
and combinations thereof.

Turning first to target capture. an embodiment of the
present inveption feamre capture and release cycles to
jsolate target molecules. Tae method includes contacting a
sample medium potentially containing target rmolecules with
probes and a first support associated or capable of associ-
ating with at least opc probe upder binding conditions. The

Ex__ 8 pg 28
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probes are_capable of selectively reversibly binding 1o the

v

kinetics of binding berween the probe and target on onc

target molecules to form a complex including the probe
target and the first retricvable support Next the support is
separated from the sample medium and brought iato contact
with a second medium. Next. the support is subjected 10
releasing conditions to release the target from the support
and the support is separated from the second medium. Next.
a second support is contacted with the second mediur upder
tinding conditions. The seoond suppart is associated with o
capable of associating with at Jeast one probe capable of
selectively binding to the target molecule. Under binding
conditions. the target forms a complex with the probe
associated to second support for further procsssing.

Preferably. the first support is retrdevable in the sense that
it is capable of substantially homogeneous dispersion within
the sample medium and cap be substantally physically
separated. retdeved. of immobilized within -the sample
medium.

Separation of the first support from the first medjum
removes nonspecifically bound cellular debris attached to
the first support. Further binding of the target molecule 10 2
second suppart further concentrates the target for detection
and permits further release-capture cycles for greater puri-

. fication.
A further embodiment of the presest method features a
retrievable support. The method includes contacting the
sample poicntially camying target pucleic acid with a
retrievable support in association with 2 probe moiety. The
retrievable suppart is capable of substantially homogepous
dispersion within a sample medium. The probe moicty may
be assodiated to the retrievable suppast. by way of exarople.
by covalent binding of the probe moiety to the retrievable
support. by affinity association. hydrogen bonding. or non-
specific association. :
The support may take many forms including, by way of
examgple. nitrocellulose reduced tw particulate form and
. retrievable upon passing the samgle medium coptaining the
support through 2 sieve; nitrocellulose or the materials
impregnated with magnetic particles or the like, allowing the
nitrocelulose to migrate within the sample medium upon the
application of a magnetic field; beads or particles which may
be filtered ar exhibit clecoomaguetic properties; and poly-
styrene beads which. partition to the surface of an aqueous
medium.

‘A preferred embodiment of the present invention includes
a retrievable support comprising magnetic beads caaracter-
ized in their ability to be substantially bomogeneously
dispersed in a sample medium. Preferably. the magoetic
beads carry primary amine or carboxyl functional groups
which facilitate covalent binding or association of a probe
catity to the magpetic support particles. Preferably. the
magpetic support beads are single domain magnets and are
super paramagnetic exhibiting no residual magnetism. The

first probe includes a probe ligacd moiety capable of spe- s

cifically binding to antiligand under binding conditions. The
retrievable support is capable of substantially homogeneous
dispersion within the sample media and inclodes at Jeast one
antligand moiety capable of binding to ligand under binding
conditions to form a target-probe support compicx. Next. the
retievable support and sample medium are separated to
allow the sample medium to be processed further.
Enbodiments of the invention are suitable for capturing
zarget molecules from a clinical sample medium containing
exmaneous material. The ordes of comacting the sample
medium with probe of retrievable support is a mater of
choice. Howsver. the choice may be influcnced by the
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* moicties capable

hand. and &metn—mrprobe'ligandand-suppon-amﬂigand--
on the other

As applied 10 polynucleotide target molecules and
homopolymer ligands and antiligands. the homopolymer
ligand and antiligand binding is generally faster than probe
binding to target. Probe binding to the target is sterically
impaired after the probe ligand is bound to the support
antiligand A preferred embodiment includes contacting the
sample medium with the reagent and bringing the mixure to
hybridization copditions. Next, the remrievable support is
dispersed in the reagent and sample medium allowing the
formation of a target-probe complex in advance of the
foarmation of probe sapport corplexes. .

A further embodiment of the present inveation features a

_multiple probe system.

Preferably the method includes a reagent including a first
probe as previoasly described and at least one second probe
capable of binding to the target molecule and having label
of detection. The second probe is capable
of forming a target (first and second) probe-support com-
plex. The step of separating the retrievable support from the
sample medium not only femoves extraneous material from
the target-(first and second) probe-suppart complex. but also
separates any secand probe which is not bound to the target
Second probe unbound to target contributes to background
poises. false signals indicating the presence of target.

Further processing may include release of the target (first
and second) prebe complex from the rewievable support into
a second medium and rebinding of the target (first and
secord) probe complex to aew suppost. The first retricvable
Support may carry nonspecifically bound matezials which
can interfere with assay procedures. Thus, after the release
of the target-probe complex from the retricvable support and
the retrievable supports removal. a second support having an
antilipand moiety capable of binding to the probe ligand can
be brought into contact with the target-probe complex under
binding conditions to effect a further cycle of target-probe
binding or capture for further purification and concentration
of target-probe complex.

Furtber processing may include background capture. A
further crubodiment of the present invention includes a
method wherein the second probe has a second ligand
moiery. The method further includes a background support
having a second antiligand moiety. The second ligand moi-
ety and second antligand moiety are cepable of stably
binding under bicding conditions only when the second
probe is unbcund to the target molecuie. The method further
includes the step of contacting a medium potentially con-
taining second prebe unbound to target with a background
support under birding conditions. Next. the background
suppont is separated from the mediurn to remove unbound
second probe rzducing background noise.

The term “background support” is used in the conven-
Liopal sense to ipclude filters and membranes as well as
remievable supports. Binding to the background support
does not need to be releasible.

A preferred rewievable suppont indudes. by way of
exarcple without limitation. particles, grains, beads. ar fila-
ments capable of dispersiop within and separation from a
medium. Methods of separation include by way of example.
without limitaricn. of filtration. centrifugation. precipitation.
surface foatation, settling. or the inroduction of clecwo-
magnpetic fields.

The present method can be applied to polynucleotide
t-+rget molecules. Preferably, the first and second probes bind
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quickly to a polynucleotide terget “in sclution™ as opposed

probe ligand moiety capable of specifically binding to

i) the‘iimiﬁon‘wberc'eithaﬁcwgeta-pmbe—is-immobi-_anﬁngand_undu_bindi__gs conditions. The second probe is

lized

The retricvable support capable of substantial dispersion
within a solotion. permits interactions between the rewiev-
able support and probes which mirnic “in solution” hybrid-
ization. In solution. bybridiation can be completed in
approximately 315 minutes. The rapid hybridizations and
simplicity of the present methods permit anomation. The
present method allows nucleic acid sequénces contained in
clinical samples to be separated from extrancous material
allowing the methods to be applicd to ponisotopic labeling

techniques.

An embodiment of the presept method where the target
molecule is a polynnclcoﬁds. includes contacting a sample
medium with reagent under binding conditions. The reagent
includes at Jeast ope first polynucleotide probe apd at Jeast
ope second polynucleotide probe. The first probe is capable
of forming a coroplex with the target molecule and has a first
homopolymmer ligand moiety. The second probe is capable of
forming a complex with the target mclecule in addition to
the first probe. The second probe includes a label moiety
which has a second homopolymer ligand moiety which is
different than the first homopolymer ligand of the first probe.
Next. the reagent and sarmple Tedium are coptacted with a
tackground support and a target capture suppart The back-
ground support includes at least onc second homopolymer
antiligand moiety capable of binding to the second
homopolymer ligand moiety of the second probe when said
second probe is usbound to target The target capture
support includes at least one first homopolymer moiety
capabie of binding to the first homopolymer ligand moiety
of the first probe. The background support and the target
capfure SUppOrt rCImove background noise and the target
capture support funther conceptrates the target=(first and
second) probe complex for further processing and separaies
the target-(first and second) probe complexs from cellular
debris. Further processing includes the detection of the label
moiety indicative of the presence of the target molecule.

Turnipg DOW more specifically to embodiments of the
jovention pertaining to background capture, onc embodi-
[ment includes a method whesein probe and target are
allowed to form a complex. Next. uncomplexed probe is
brought into contact with 3 support under binding condi-

tons. The suppart is capable of selectively binding unbound”

probe. Next. the support is separated from the probe-target
complex

A still further embodiment of the present invention
includes a method of separating 2 plurality of target mol-
ecules for further processing.

One embodiment includes the sequential addition and
semoval of probes specific to targel molecules op a plurality
of supparts. A further embodiraept includes a method which
includes contacting a sample with a first series probe and
capturing the target and probe 00 2 plurality of supports. The
first scries probe includes a ligand capable of association
with the suppart. The first probe sedies includes probes for
all plurality targets w ich are capable of binding to SUpports
specific for each target molecule. The supparts arc capable
of being separated from cach other. the separation of which
results in individual types of target molccules being isolated
with the support.

A further erbodiment of the present invention includes a
reagent composition. The reagent composition includes a
first probe and 2 second probe. The first probe is capable of

forming a complex with 2 target molccule and includes a
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capable of forming a complex with the target malecule Y. B

includes a label moiety capable of detection. The rcagent
compoasition can be used 10 capture and detect the target in
a sample medium when used with a retrievable suppart
having antiligand moieties.

A further ercbodiment of the present reagent composition
includes a second probe having a second ligand moiety
capable of stably binding to an antiligand only in the
situation where the second probe is unbound to the target
molecule. The reagent composition allows background noise
to be reduced by contacting sample potentially containing an
unbound second probe with a backgronnd suppart haviog a
seoond antiligand moiety. .

A further embodiment includes 3 support capable of
substantially homogeneous dispersion in 3 sample medium
having oligonudeotide antiligands adapted for binding to
oligonucieotide ligands on probes.

A preferred embodiment of the support includes. by WaYy
of example. particles, grains. filaments. 2nd beads capable of
separation. Means of scparation include. by way of example
without limitation. precipitation. settling, floatation.
filtration. centrifogation. and electromagnetism.

A prefered embodiment includes polystyrenc beads.
berween 10-100 microns in diameter. which are capable of
substantially homogeneous dispersion and separation from a
medium by filtration or floatation. Another preferred
embodiment includes ferromagnetic beads. A ferromagnetic
bead marketed nnder the trademarks BIO-MAG is capable
of substaptially homogeneous dispersion in an aqueous
medium and can be retrieved o immobilized by an clectro-
magnetic field The ferromagnetic bead includes an iron care
which is coated with an amine reactive covering. The beads
are generally spherical and have a diameter of one micron. ~ -
The polystyrenc and feryomagnetic beads are treated to
include antiligand rmoieties.

A further embodiment of the present invention includes 8
it for performing assays for target molecules which are part
of a biological binding pair. In the case where the target is
a polynucleotids paving a specific base sequence. the kit
includes a reagent whevein the reagent includes a first
polynucleotide probe and a sccond polypucleotide probe.
The first and second probes &r¢ capable of binding to
mutually exclusive portions of the target to form a coroplex
in which both probes are bound to the target. The first probe
is capable of reversibly binding to a first support under
binding conditions. and the second probe includes a label
moiety capable of detection. The kit further includes a first
support allowing the suppart to form complexes with the
target and probes which can be sclectively separated from
the sample medium.

A further embodiment of the present kit includes a second
probe and a background support. The second probe. when
pot bound to the target. is capable of selectively binding to
a background support. The background support is capable of
being separated from a medium containing reagent 1o
remave the nonspecifically bound second probe.

A further embodiment of the present ivention includes an
ipstrurnent for performing assays in accordance with the
present method In the siteation where the target is a
polypucleotide. the instrument includes a reaction chamber
adapted for recsiving reageat and target in 2 substantially
rmixed homogeneous state. The reagent includes a first and
a second polycucleotide probe. Each probe is capable of
binding to mutually exclusive portons of the target forming
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DETAILED DESCRIPTION

first probe is capable of reversibly binding to a first suppart
under binding conditions and the seccnd probe includes a
1abel moiety capable of detection. The instrument furthex
includss mcans for coptacting a first support with the reagent
and sample to allow the first probe and target-probe camplex
to become bound to the suppart. The instrument further
includes means for bringing the sample. reageat. and support
to binding conditions to form target-probe complexes bound
to support. The instrument further includes means for bring-

ing the first probe into releasing conditions. Finally the -

instrument includes means far separating the support from
the sample and from the reagent

The term “reaction vessel” is used in a broad sensc to
include any means of coptainment including, by way of
example without limitation. cuvetes. 1est tubes, capillaries.
and the like.

Suitable means for bringing the sample. reagent. and
support into binding conditions or bringing reagent and
support into releasing conditions include by way of
example, temperaturs controls which can elevate or lower
the temperanue of the sample. reagent. and support to
selective denature or apneal polynucleotide strands.

Suitable means for separating the support from the
reagent or sample include by way of example. clectromag-
nets for use in conjunction with magoetic beads. fibers
affixed to an anchoring support, centrifuges for use with
polystyfene grains, and the like. -

Further embodiments of the present inveption include
means for bringing the reagent and target into contact with
background support under binding conditions to remove any
second probes having label moicties which second probes
are ot specifically bound to the target.

Embodiments of the present instrument adapted far use
with lwninescent label moieties include suitable label exci-
tation meaps. Instuments for use with fuorescent label
rmoieties include lasers or light emitting assemblies with
filters 1o define appropriate wave lengths. Instruments for
ase with chemiluminescent label moieties include injection
apparatus for injecting cofactors into the reaction chamber.

The iavention also features a method for assaying a
sample for a target polynncleotide. which sample contains
the targe: polypucieotide and pon-target polynucleotides. the

soethod invelving contacting the sample with 2 polynucle-

otide probe capable of forming a complex with the target
polynucleotide. substantially separating the complex from
the non-target polyoucleotides in the sample. amplifying the
target polynucleotide. to form an amplification product. and
rmeasuring or detecting the amplified target polypucleotide.
This method advantageously can be used in conjunction
with the targel caprure and background capturc steps
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-3 are Bow diagrams illustrating steps. apparatus.
and reagents used in methods of the invention. The term
“FIG. 1" refers collectively to FIG. la and FIG. 1b.
Similarly. the term “FIG. 2" refess collectively to F1G. 2z
and FIG. 2b.

FIG. 46 are diagrammatic repsesentations of capture
arcplification methods of the inventon.

FIG. 7 is a diagram illustrating feawurcs of ap apparatus
made in accordance with ope embodiment of the present
inveotion.

FIG. 8 is a diagrammatic representation of a genetic
constuction used ir the invention.
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Turning now to the drawings. Which by way of illustration
depics preferred embodiments of the present invention. and
in particular FIG. 1. 2 method of procedure, with pecessary
reagent compositions. is illustrated in schematic form for an
assay for target polynucieotide strands. Conventional assay
technique include many target strands. and many probe
strands would be used to performs an assay. However. far
the simplicity to further an understanding of the ipvention,
the dlustration depicts only limited numbers of probes,
support cntities. and targets. FIG. 1 feamres a method
utilizing retrievable supports.

Step 1 of the assay ilustrated in FIG. 1 begins with a
clinical sample which, by way of illustration. contains cells.

The cells poentially carry target pucleic acid, either DNA o1 -

RNA. having a base sequence of particular interest indica-
tive of pathogens. genetic copditions. or desirable gene
characteristics. The clinical samples can be obtained from
apy excrea or physiological fluid. such as stoo], urine.
sputum. pus, seum. plasma. ocular lens fiuid. spinal fluid,
lymph, genital washings. of the like. Individuals skilled in
the art may desire to reduce biopsy samples to single cell
suspensions or small clumps by means known in the art. For
example, biopsy samples of solid tissues can be effectively
reduced to single cell suspensions os to small clumps of cells
by agitating the biopsy sample in a mixture of 0.5M sodium
chlaride. 10 mM magnesium chlaride, 0.14M phosphate
buffer, pH 6.8. and 25 Mg/ml cyclobexamide. Isolation of
specific cell types by established procedures known in the
art. such as differential cenwifugation. density gradieat
centrifugation, or other methods. can also be applied at this
step.

The cells are then treated to liberate their DNA and/ox
RNA. Chbemical lysing is well known in the art. Chemical
lysing can be parformed with the dilute aqueous alkali, for

example. 0.1 tc 1.0M sodium hydroxide. The alkaki also -

serves to denature the DNA or RNA, Other denaturization
and lysing agents include clevated temperatures, Organic
reagents. for example, alcohols. amides. amines, ureas.
phenpols and sulfoxides. or certain inorganic iops, for
example chaotropic salts such as sodium trifiuoroacetate,
sodium trichlosoacetate. sodium perchlorate. guanidinium
jsothiocyanate. sodium iodide. potassium jodide. sodium
isothiocyanate, and potassium isothiocyanate.

The clinical sample may also be subjected to various
resTiction endonucleases to divide DNA or RNA isto dis-
crete segments which may be casier to handle. At the
completion of the sample processing steps. the clinical
sample includes sample pucleic acid. cellular detris. and
impuritics. In the past. sarmple pucleic acid was separated
from cellular debris and impurities by nopspecific binding of
the nudeic acid to filters of membranes and washing cellular
debris and impurities from the filter or membrane. However.
in practice. some cellular debris and some impurities. as well
as pontarget nucleic acid. are nonspecifically bound to the
filter or muembrane and are not removed by washes.

An embodiment of the present invention. as llustrated in
Step 1. includes contacting the sample potentially carrying
target pucleic acid with a rerievable support in association
with a probe moicty. The retrievable support is capablie of
substantially homogenous dispersion within a sample
medium. The probe mojety may be associated to the retriev-
able support. by way of example, by covalent binding of the
probe moiety to the retrievable support, by affinity
association. hydrogen hinding. or nonspecific association.

The support may take many forms including. by way of
example. nitrocellulose reduced to particulate form and
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retrievable upon passing the sample medium coptaining the

support” mrmgh—a—sicve;—nitmccllulose_nr_mc_mataialL

impregnated with magnetic particles or the like, allowing the
nitrocellulose to migrate withip the sample medium upon the
application of 2 magnstic field; beads or particles which may
be filtered or exhibit electromagnetic propertics; and poly-
styrene beads which partition to the surface of an aqueous
medivm.

A preferred embodiment of the present invention includes
a retricvable support coruprising magnetic beads character-
ized in their ability to be substantially homogeneously
dispersed ip 2 sample medium. Preferably. the magneric
beads contain primary amine functional groups which facili-
tate covalent binding or association of a probe entity to the
magaetic support pardcies. Prefecably, the magnetic support
beads are single domain magneis and are supcr paramag-
petic exhibiting o residual magpetism.

.

The particles or beads may be comprised of magnetic
particlcs. although they can also be other magnetic metal or
metal oxides, whether in impure. alloy. or composite form.
as long as they have a reactive surface and exhibit an ability
10 react to a magpetic ficld. Other materials that may be used
individually or in combination with iron include. but arc not
limited 10, cobalt. nickel. and silicon. Methods of making

- magnetite or metal oxide particles are disclosed in Vanden-

berghe et al. “Preparation and Magnetic Propertics of
Ultrafine Cobalt Ferrites.” J. of Magnetism and Magnetic
Materials, 15 through 18: 1115-18 (1980); E. Matijevic.
*Mono Dispersed Metal (Hydrous) Oxide—A Fascinating
Ficld of Colloidal Science.” Acc. Chem. Res.,, 14:22-28
(1981). the disclosures which are incorporated herein by
reference.

A magnetic bead suitable far application to the present
invention includes a maggetic bead containing primary
amine funcdonal groups marketed under the trade name
BIO-MAG by Advanced Magupetics. Inc. A preferred mag-
retic particle is popporous yet still permits associadon with
a probe moiety. Reactive sites pot involvedin the association
of a probe moicty arc preferably blocked to prevent non-
specific binding of other reagents. impurities. and ccllular
material. The magpetic particles preferably exist as substan-
tially colloidal suspensions. Reagents and subsuates and
probe moictics associated 10 the surface of the particle
extend directly intc the solution suroupding the particle.
Probe moicties react with dissolved reagents and substrates
in solution with rates and yiclds characteristic of reactions in
solution rather thar rates associated with solid supported
reactions. Further, with decreasing particle size the ratio of
surface area to volume of the particles increases thereby
permitting rore functional groups and probes to be aached
per unit weight of magnetic particles.

Beads havipg reacdve amine functional groups can te
reacted with polypucleotides 1o covalently affix the poly-
pucleotide to the bead. The beads are reacted with 10 percent
gluraraldchyde in sodium phosphate buffer and subsequently
reacted in a phosphate buffer with ethylene-diamine adduct
of the phosphorylated polynudleotide in a process which will
be set forth in greater detail i the experimental protocol
which follows.

Rewmrning now to Step 2. the reuicvable support with -

associated probe moieties is brought into coatact with dini-
cal sample and, pregressing through to Step 3. is brought
into binding cobditions. The probe moiety specific for the
target of interest becomes booded to the target strands
present in the clinical sample. The rewievable support.
dispersed throughout the sample and reagent medium.
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allows the probe moietics and target 1o bytmdize as though™™™ ™

they are free1n 8 solution.
Hybridizations of prooc 10 Target cap be accomplished in

approximately 15 minutes. In contrast. hybridizations in
which cithex thepmbcortaggdare' ili on a

medium may take as long as 3to 48 hours.

Extrancous DNA. RNA. cellular debris, and impurities
are not specifically bound to the support. However. as a
practical panner. a syuall amount of extraneous DNA.RNA,
cellular debris. and impurities are ahle to and do in fact
ponspecifically bind to any entity placed within the reaction
vessel including the retrievable support. Embodiments of the
present invention facilitate the further purification of clinical
sargples 10 Temove cxXraneous DNA. RNA. cellular debris.
and further impurities from target polynucleotides.

Step 4 of FIG. 1 dcpictsmesepmﬁonofmcsupponof
the clinical sample and the suspension of the support into 8
second medium. The second medium thus includes the
retrievable support with the associated probe bound 10 target
polypucieotide swands. Also carried with the retrievable
suppoft is extraneous DNA. RNA, cellular debris, and
impurities ponspecifically bound w0 the support. but in 2
much lower concentration than what was initally found in
the clinical sample. Those skilled in the art will recognize
that some undesirable materials can be reduced by washing
the support priof to suspension in the second medium.

The retrievable support with associated probe and target
strands suspended in the second roedium is subject to further
denaturation as set forthin Step 5 thercby allowing the target
to disassociate from the probe moieties of the retrievable
support. The deparuration process [may of may not release
nonspecifically bound extraneous DNA. RNA, cellular
debris. or impurities from the retrievable support. However.
Step S of the present method allows the retrievable support
to the removed from the second medium carrving with it -
much of the nopspecifically bound cellular debris.
impurities. and extraneous DNA. and RNA initially camried
over from the first clinical sample medium.

As set forth in Step 6. a pew suppert can be introduced
into the second mediuvm under binding conditions to again
capture farget polynucleotide scapds on probe moieties
associated with the retrievable support. 1t will be recognized
by those skilled in the art that the new support may actually
include the original retrievable support after recycling steps
to further purify and remove nonspecifically bound DNA.
RNA. cellular debris. acd impurities. Thus. the oply impu-
rities present in the second roedium include DNA. RNA.
cellular debris. and impuritiss previously ponspecifically
bound to the support which has subsequenily been released
from the first support and dissolved or suspended in the
second medium.

However. such impurities can be further removed from
the target polypucleotides by removing the second retriev-
able support from the second medium and again sepeating
the cycle of introducing the retricvable supportinto a further
medium. denamration. and removal of the old suppart.
Those skilled in the art will recognize that the magnetic
beads described in the present ipvention arc susceptible of
being raised out of a solutiop or being held in place as 2
solutiop is removed or added to 8 containment vessel

The ability of the magaetic beads to participate in the
reactions which mimic “insolution kinedcs” strands allow
the completion of a cycle of denaturation and binding to the
target to be accomplished in three © fifieen minutes.

After sufficiznt purification and concentration. the target
can be detected by luminescent of radioactive methods
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known in the art as indicated in Step 8. Purification of the

unbound second probe (P2) which has label maieties con-

rnedium containing the target allow's the dezection of noniso-
topic label moictics without cellular debris and impurities.

Turning now to FIG. 2, which features a multiple probe
rmethod. a further embodiment to the present assay method
is illustrated beginning with 2 clinical sample containing
polynudw!idc target which is processed in accordance with
the clinical sample of the previous figure with the introduc-
tion of solubilizing agents and reagent. The reagent of the
assay method depicted in FIG. 2 includes a first polynucle-
otide probe swaod (P,) and a second polynucleatide probe
strand (P,) capabie of forming a complex with the target in
which both probes (P, and P3) are bound to the target. The
first probe (P,) is capsble of associating with a retrievable
support (S,) undes binding conditions. The second probe bas
at least ope label moiery capable of detection. The label
moiery is illustrated in the drawings with an asterisk or a siar.
Following the introduction of a solubilizing agents and
reagent under denaturation conditions. the solution contain-
ing the clinical sample potentially incudes target polynucle-
otides and reagent in the form of the first and second probes.
plus cellujar debris. solubilizing agents. irmpuritics. and
extrancous RINA 20d DNA

Under binding conditions as illustrated in Step 2. the first
and second probes (Pjand P) bind to mumally exclusive
portions of the target The hybridization of the probes (P,
and P,) to the target in solution is rapid snd unimpaired by
association with a solid suppart. In arder to insure the
binding of the target to the first and second probe strands (P
and P,) an excess of probe is employed However. even if an
excess of probe (P, and P,) were not employed, some probe
would fail to find target and would remain unhybridized in
the sample medium. The unhybridized second probe (Pa)
having 2 label moiety constitutes background noise if
present during detection.

The first probe (P,) is capable of binding to a support Sy
by means of a ligand capable of binding to an antiligand
rooiety om a support. The Lgand (L,) includes. by way of
example, a tail portion comprising a homopolymet. The
support (S,) ircludes an antiligand (A,) capable of receiving
and binding o ligand (L,). The antiligand (A,) includes, by
way of example. 2 homopolymer complementary 0 the
ligand (L) of probe ®,)-

Turning now to Step 3, vodsr binding conditions the
antiligand maiety (A,) of suppart (S,) associates or hinds to
the ligand meciety (L;) of the first probe (P,) whick is itself
bound to the target and linked to the second probe (P,). The
support may take many forrs. Beads or particulate SUpparts
can ¢ dispersed in solution and participate in binding with
target probe reactiozs which demonsmate pear in solution
Kipetics. Further. retrievable beads and particulate supports
can separatc probe-target complexes from pondissolvable
debris withont clogging problem inherent in more conven-
tional filters or membranes.

However. conventional membrapes. filters, or cellulose
supports may also be employed for some applicadons in
which clogging may pot be 2 problem. Due to the rapid
hybridization of the probes to target insolution, a solid
ponbead of pogparticulate membrane of filter support can be
incorporated into the rezction vessel. The solution of reagent
and sarople can be passed througb the support to affect target
capture. The suppert (S,) is lustrated in FIG. 2 as a
retrievable suppart.

In solution with the target-probe suppart complex are
unbound first aad secand probe moictics. unbound target
solubilizing agents. im; .ities. and cellular debrs. Tee

5
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of target. A small amount of extroncous cellular debris.
solubilizing ageats. impurities. and probes may also becarme
nonspecifically bound to the retdevable support.

In Step 4. the suppart (8,) is scparated from the clinical
sample medivm. I a retrievable suppart is used. separation
can bs accomplished cither by jmmobilizing the retrievable
support within 3 reaction vessel or by withdrawing the

16 retrievatle support fram the sample medium directly. Those

skilled in the ant will recognize that the immobilized support
can be washed to reduce undesirable material,

Turning now to Step 5. the target-probe suppart complex
is substantially free of extrancous RNA. DNA. solubilizing

15 agepts. impurities. and cellular material and can be moni-

tored for the presence of the label moieties indicative of the
presence of the target molecule. However. a small amount of
extraneons DNA. RNA, solubilizing ageats. impurities, and
cellular materials may still be nonspecifically bound to the

2 gypport (S,). Moreover. unbound. in the sense that it is not

associared with target. second probe (P;) may also be
nonspecifically bound to the support (S,) and can affect
signals fromm DoRisOtOpic |abel moieties. The presence of
unbound second probe moiety (P;) having label mojeties is

25 a significant cause of background noise thereby reducing the
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accuracy of the assay procedure.

“Thus. as an alterpative Step 5, the first support (S,) may
be suspended into a second medium where the support (S,)
is separated from the target-probe complex by depanmration.

Following denaturation. in Step 6. the first support (S,) is
removed from the second medium and replaced with a-
second support (S). The second support (S;) includes an
antiligand moiety (A,) capable of binding 10 the ligand
moiety (L,) of the first probe.

Moving to Step 7, under binding ‘conditions. the target-
probe complex reassociates with the sccond support (S2)-
The removal of the first suppart (5,) Temoves extraneous
material, debris, and probes ponspecifically bound to the

4o first support (S,) from the assay medium.

As illusgated in Step 8, the medium containing the
targei-probe complex can be roonitored for the presence of
the labels. However. further purification of the assay
medium can be pecformed to further reduce the presence of

45 background and extraneous materials which may have been

carried from the sample medium ponspecifically bound to
the first retrievable support (S,) and subsequently dissolved
or disassociated from the first support (S,) into the sccond
medium.

sg  Thus. the second retricvable support (S;) may be brought

into coptact with a third mediuro. the medium brought into
conditjions 1o release the target-probe complex from the
support. and the support removed to complete a further
cycle. The pumber of cycles will be a matter of choice

ss5 depending on the Type of sample. type of label moieties, and

the sepsitivity of the detection equiprneat Different types of
supports may be used at different times. Thus. a retrievable
support can be used to gather o concentrate the target-probe
complexes from sample mediums or solutions initially to

61 avoid problems of clogging typical of membranes or filters.

The second ar third supports preferably includes a mem-
brane « filter with antiligand moicties (A, which bind to0
the ligand moiety (L) of the first probe (P,). Membrane of
filter supports can simplify process steps allowing flow-

o5 through recovery of arget-probe complexes.

A farther embodiment of the present invention is particu-
larly well suited for reducing background noise. Referring
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now to FIG. 3. a modification of the previous assay proce- able 1o bind to new recA coated probes to form 2 multitude

— " dure iuustraied"in—ﬁG.—z—is-dcsuibed.—ln—HG.—&-a—targa_of_&NApolynHChOﬁchhM‘c“ which cap be

polynucleotide has farmed a cormplex with a firstand second  detected. The integer “0” represents a plurality of amplifi-
probe moiety (P, and Py) similar to the probe moicties  cation products.
described in FIG. 2. However. the second probe includes2 5 In the sitwarion where the target is RNA. such as riboso-
second Ligand (L;). The second ligand (L,) may indude.by  mal RNA GRNA) or msssenger RNA (mRNA) the target
way of example. a single teminal rbopucleotide which  RNA can be replicated nonspecifically by depaturing the
complexes with a barate antiligand. an alternating copoly-  RNA and subjecting the RNA to an enzyme such as QB
mer which binds with a complemeptary copolyrmer. a bictin replicase or reverse transcriptase.
ligand which binds to an avidio antiligand. ar as illusrated. 1€ G, § illustrates the application of a two enzyme ampli-
homopolymer ligand (L-). and a complementary homopoly-  fication system. In Step 3(a) of FIG. 5. DNA polymerase is
mer antiligand (A)- used in copjunction with hexamer primers to generate DNA
Turning pow to Step 1.2 background sopport capable of  segments which are complementary to the target. In Step
selectively binding to the second probe (P,). oaly whenitis  3(b). core RNA polymerase is used to form additional RNA
ot bound to a target. is brought into contact with the 15 complements to both target DNA and DNA target comple-
edium containing the target-probe complex. The medium  ments.
further includes free. disassodiated first and second probes FIG. 6 illustrates the application of an enzymatic ampli-
(P, and P,). The labeled second probe (P,). which contrib- fication system based on the enzyme DNA polymerase.
utes to the background noise, is specifically bound to the  Thuys. in step 3(a). the target. scparated from extrancous
background support (B,) by a vast molar excess of antli- 2 pojynucieotides. impurities and debris. is subjected to DNA
gand moieties (A,) associated with the background support  polymerase in conjunction with non-specific hexamer prim-
(8,). Following binding of the uobound labeled probe (P.)  exs. The DNA polymerase generatcs DNA segments which
1o the background support (B,), the background support (B,)  are complememary to the initial target. The pew DNA
is removed from the medium as illustrated in Step 2. The product. formed from the target DNA, is also & substrate for
rmedium containing the target-probe complex can be moni- & replication. The target and complements are subjected to
tored for the presencs of the label contained upon thesecond  cycling steps to denature the target and target complements
probe (Py) with a reduction in background noise. and to add new enzyme to geate new copies of the target and
Alternatively. the medium containing the target-probe com- the target cornplement.
plex can be subjected to further processing. 4 _ Following formation of the enzyme product Step 4 of
The further processing can include further background ™ FIGS. 4-6 illustrales capture of the target and/or cozyme
reduction by repeating Steps 1 and through 3 described in  product as previously described with a further probe and
FIG. 3 or. steps previously described in conjunction with support. The target and/or enzyme reaction product are

]

2 FIG. 2. For example. background reduction sieps can be amcnable for further process steps including detection.

— incorporated into the processing of a clipical sample as An embodiment of the present methods may be practiced
bt illustrated in FIG. 2 at any point in which the ligand and b with an aid of apparatus set forth in schematic form in FIG.
‘:1 antiligand moieties of the first and second probes do DOt 7, The apparatus includes the following major elements: at
. interfere, and the target is complexed with the first and Jeast ope containraent vessel, means for controlling the
— second probes. . association of a probe with a target molecule and a retriev-
il An embodiment of the present method can practiced with 4 able support, means for scparating the retricvable support
Fii additional amplification steps to generate an amplification — from a sample solution. and means for releasing the target
; : product to improve the sepsitivity of the assay. Turning now molecule from the retrievable suppost. These major cle-
e to FIGS. 4. 5. and 6. each Figure includes a Step 1 wherein ments may take various forrs and are described mare fully

target is caprured with the use of a capture probe and 2 below.
retrievable support in the form of abead. The polynucleotide 45 The apparatus will be described below for illustration
. 1 1 1
target includes areas defined as al, b, and ¢’. The poly- - purposes as applying the methods described in FIGS. 2 and
nucleotide probe includes an area. “a” capable of binding 10 3 relative to a target molecule which includes a polynucle-
its complcrent “a' of the target. The probe furtherincludes  orige. Thus. at Starion 1. a dinical sample is placed within
a ligand capable of binding to ao antiligand associated with  the coptainment vessel with solubilizing agents such as
the bead. As illusated. the ligand of the probe and the ., chaotropic salts. enzymes. and surfactanis in arder to dis-
antiligand of the bead are complementary homopolymers. solve cellular material and release nucleic acids. The con-
In Step 2 of FIGS. 4, 5. and 6. the target is separated from tainment vessel may include agitation clernents to facilitate
extraneous polynucleotides. impurities. cellular material. the break up of cells. The containment vessel may include
and solubilizing reagents from sample processing proce- apy type of vesscl. tube. cuvente suitable for containing the

o
=

dures. 55 sample.

It Swp 3 of FIGS. 4. 5. and 6. the isolated target is In ap instrument designed for automated apalysis, the
pon-specifiably amplified to form a multitude of amplifica- apparatus set forth in FIG. 7 will preferabiy include means
tion products. for receiving a plurality of containment vessels. For illus-

FIG. 4. Step 3. depicts amplification of the target DNAto  tration purposes. the containment vessels containing the
form an amplification product subject to detection. comple- é¢ sample are analyzed sequentially. Thus. containment vessels
mentary RNA. through the enzyme. core RNA polymerase. - arc conveyed 1o a first station and then to subsequent stations

In FIG. 4. Step 3. the capture probe is complexed or coated  where various steps of the assay method are performed.

with recA protein to facilitate probe target binding. Core The various stations are linked by conveying raeans.
RNA polymerase forms RNA complemeptary to the DNA ~ Copveying means may include a rotatable turntable, con-
‘ target teroplate. As the enzyme reads through the target 65 veying belt. or the like. As applied in a clinical hospital
sequences. the RNA probe area “a” and subssquent pew  sctting. copveying means may include manual movercent

roucleotids sequences are removed from the target which is Thus. bospital staff may obtain a tissue sample from a

Ex._z_ Pg. ji
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. patient-and place the_sample in the coptainment vessel. At Station 6. the sccond medium is trought to denarur-
izatiop conditd le including—2-heating——————-——-~

Sample processing. including the breakup of the tissue
sample and initial mixing of solubilizing agents and reagents
would be initiated at bedside and coptinued as the contain-
ment vessel traveled to a subsequent station for further
processing. Refereace to stations are for illustratiop pur-
poses. Those skilled in the art will recognize that certain
stations of steps may be combined or reversed

Returning now to the first station. sample and soluhilizing
agents are placed within 2 containment vessel in which an
agitation element tharoughly mixes the sample and solpbx-
lizing agents. releasing pudleic acids from celiular -nau:nals
Conveying means cary the containment vessel to Station 2
where the containment vessel receives reagenl

The reagent includes a first polynucleotide probe and a
second polynucieotide probe. The first and second probes
are capable of forming a complex with the target polvnudle-
otides in which both probes are tound to mutually exclusive
portions of the targst. The first probe is also capable of
binding to a regievable support under binding conditions.
The second polynucleotide probe includes a labsl moicty
capable of detection. The reagent and sample nucleic acid
are denatured by a heating elemnent and copveyed to Station
3.

At Statiop 3. the coptainment vessel receives a first
support depicted by open circles. The first support is homo-
geneously dispersed within the sample medium by suitable
means including ap agitation clement. Examples of suitable
supports include. without limitation. polystyrene beads.
magnetic beads and other particulate or filamentous sub-
stapces. As iuustrated. the first support includes a magnetic
bead having polynucleotide antiligands of deoxythymidine
(dT). The first probe includes a tail portion of dcoxyadenos-
ine (dA) capable of binding to the first support during
binding or hybridization conditions.

Moving to Station 4 hybridization conditions are imposed
upon the sample medium by cooling by a cooling element.
However, those skilled in the ant will recognize that means
to alter salt copcerTations can ke readily substirated foo
tharmal controls. Thus, the target polynudeotide forms a
complex with the first and second probes. Further, the
homopolymer deoxyadenosine (dA) tail portion of the first

probe bytridizes to the deoxythymidine (dT) homopolymer

of the retrievable support.

From Station 4. the containment vessel is moved to
Station 5 where the regievable suppert is immobilized ob
the wall of ths containrnent vessel by activating a magnetic
clement If polystyrcoe beads were substituted for magnetic
beads. ta polystyTenc bead would be jmmobilized by fil-
tering or density dilferences. The sample medium is dis-
posed of carrying with it most of the extraneous DNA- RNA.
solubilizing agents. cellular material, and impurities. The
immobilized retrievable suppart is washed to further remove
extrapeous DNA, RNA, solubilizing agents. cellular
materials, apd impuites.

Further, although it is illusmated that the retrievable
support is immobilized on the wall of the reaction vessel it
is also possible to remove the retrievable suppart from the
reaction vessel by a magneric element and dispose of the first
reaction vessel containing with it extraneous DNA. RNA.
solubilizing agents. and cellular material which may be
ponspedifically bound to the reaction vessel walls.

Tae retrievable support is placed in a second medium.
cither the same coptaipment vessel or 8 pew containment
ves .°. The conizinment vessel, containing the retrievable
support in a second madium is carried to Station 6.

35

45
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element. The depaturization process zeleases the target-first
and second-probe complex from the (dT) homopolymer of
the retrievable suppart. The first support. potenuially carry-
ing cxtrancons DNA. RNA. impurities, and cellular
material. is removed from the second medium. If desired.
amplification steps may be applicd to the targeL, now sub-
staptally free of impurites. debris. and non-target poly-
nudieotides. Amplification sieps may include the geperation
of an arpplification product with enzymes such as. by way of
example. DNA polymerase. RNA polymerase,
trapscriptases. or QP replicase. In the event the amplification
product is not the target molecule. the second probe is
directed to the amplification product as well as a third
capture probe which takes the place of the first probe. A
background support is then brought into contact with the
second medinm and passed to Station 1.

At Station 7 a cooling clement brings the second medium
to hybridization temperatures. The background support
includes a second amiligand capable of specifically binding
to a ligand carried upon the second probe. For example.
without limitation. a terminal pucleotide of the second probe
can be synthesized to be a ribo derivative which specifically
binds to borate moicty carried upon the second support. The
second probe bound to the target as part of a probe target
compiex will not bind to the barate carried upon the third
support duc to stearic hindrances. However, unbound second
probe will specifically bind to the borate support.
‘Alternatively. the second probe may include 2 homopolymer
such as deoxycyiosine (dC) which binds to a deoxyguasine
(dG) homopolymer linker op a second support. The length of
the homopolymers are designed such that complexes of the
target-first and second probes with the second support are
not stable; however. complexes of the second probe alone
with the second support are stable within reaction param-
eters. Indeed. background capture binding of background
support to unbound second probe can be frreversible.

Next, the containment vessel containing the second
medium and the background support is conveyed to Station
& where the background support having second probe
strands unbound to the target-probe complex is separated
from the second medium. Separation of the background
suppart removes nopspecific background noise from the
medium.

As illusrated, background capture is effected upon beads.
However. those skilled in the art will recognize that the
initial purification of the target-first and second probe com-
plex irom the cliical sample, removes all or most solid
debris allowing background capture ob filter or membrane
supponts through which the second medinm can be flushed.

From Station 8, the purified medium containing the target-
probe complex with reduced background is conveyed to
Station 9. At Station 9. a third support. depicted as 2
membrane or filter. is brought into contact with the second
medium which is brought to hybridization temperatures by
a heating elemeat. The third support inclndes first antiligand
Inoieties which bind to the first ligand moieties of the first
probe. or if an amplification product is generated in previous
steps, to a first ligand moicty of a third probe direcied to the
aroplification product. Thus. if the first ligand moiety of the
first probe is of a homopolymer of deoxyadenosine (dA). the
third support may include homopolymer of decxythyruidine
(dT). As illustrated. the third support includes filters or
membranes through which the sccond medium can be
flushed: however. beads or particles may also be used. The
third support serves to further concentrate the target-first and

Ex. g Pg. _ﬁ/
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second probe complex and permits fusther reduction of

cally bind to the third support. Moving to Station 10. the
third support concentrates the target-first and second probe
complex allowing detection of label moieties camied upon
the second probe.

The present ipvention is further described in the following
typical procedures and experimental examples which exem-
plify features of the preferred embodiment.

1 PROCEDURES

A. Materials

All reagents were of analytical grade or beucr. Magnetic
beads marketed under the wrademark BIO-MAG containing
functional amino groups were obtained from Advanced
Magnetics. Inc. of Cambridge. Mass. .

In the present example. all labeled nucleotides were
obtained from New England Nuclear. The enzyme terminal
deoxynucleotidyl ransferase (TDT) was obtained from Life
Scisnces. Inc.. St. Petersburg. Fla. The oligonucleotide
pdT o Was obtained from Pharmacia PL Biochemicals.

B. Synthesis of Probes

The following sets forth typical protocols and methods.
Referring now to FIG. 8. two probes were constructed to the
sense strand of the enterotoxin gene elt Al of Escherichia
coll, in accardance with the constuctional map, FIG. 8, of
Spicer. E. K. and 1. A. Noble, 1982. J. of Biological Chem.
257. 55716-55751.

One set of probes was synthesized beginning at position
483 of the gene sequence and extending onward 30 nucle-
otides in length. hercinafter refered to as the A483 probe. A
second probe was synthesized beginning at position 532 in
the gene sequence and extending 30 puclectides in length,
hercinafter refemred to as the AS532 probe. A third probe was
synthesized beginning at positiod 726 in the gone sequeace
20d extending 39 nucleotides in length. hereinafter referred
10 as the A726 probe. The specific base sequences (5'to 3"
are set forth in Table 1 below:

TABLE 1

10

20

Those skilled in the art will recognize that other probes
- background andﬂtcrfuing—maleﬁals—Which_do-nO&-SPedﬁ-__can_hc readily svnthesized to other target molecules.

C. Preparation

The target in Example Nos. 1.2 and 3 is the enterotoxin
gene elt Al. The enterotoxin gene elt Al is carried as part of
the plasmid EWD-299 obtained from Stanford University.

In Example No. 1. enterotoxigenic bacteria were grown o
log-phase in Luria broth. The epterotoxigenic bacteria were
lysed and the plasmid EWD-299 isolated. The plasmid
EWD-299 was further digested with the restriction enzymes
Xba 1 and Bind ITL A fragment of 475 base length was used
as target and purified by electro-eluticn from a 1 percent
agarosc gel. In arder to follow the efficiency of capmure steps.
the fragment was 5' end labcled with 32p_ATP with the
enzyme polynucicotide kinase following mapufacturer’s
instructions. :

In Example Nos. 2 and 3. the enterotexigenic bacteria and
wild type nonenterotoxigenic E. coli TM83 were separately
grown to log phase. The wild type E. coli serves asa control.
Separate extracts of enterotoxigenic bacteria and wild type
bacteria were prepared by substantially solubilizing the cells
in chaotropic solutions. Thus. the bacteris cultures, in Luria

. broth. were added to solid guanidinium thiocyanate

(GuSCN) to a concentration of M GuSCN. Tris-HCl to a
copcentration of 03M, and EDTA (pH7) to a concentration
of 0.1M. The chaotropic-bacterial solutions were then
heated to 100° C. for five minutes and cooled. The resultant
enterotoxigenic bacteria extract was' serially diluted with
wild type nonepterotoxigenic bacteria extract. The concea-

. tratiop of tox plasmids per cell and the cell number in the

extracts were measured by conventional techniques. The
original extracts solubilized in GuSCN contained approxi-
mately 10° enterotoxigenic E. coli per mi and 100 plasmids/
cell

D. Synthesis of Beads

Retrievable supports wers prepared from magnetic beads.

Otber retrievable supports include particles, fibers. polysty-
repe beads or other items capable of physical separation

* from a mediwm. Magnetic beads were synical separation

from a medium. Magnetic beads were synthesized with an

Probe  Sequepce

AdB3 AGA CCG GTA TTA CAG AAA TCT GAA TAT AGC
AS32 AG.\TL\GCAGGI‘T!CCCACCGGATCACCM

AT26 GICAGAGG'ITGACATATAIAACAGAATTCGGGGGGGGGG

The probes were synthesized by methods available in the art.
The numbering system is adapted from the 768 nucleotide
sequence available through Intelligenetics sequence bank
ECO ELT AL

Of the ten G resicues at the 3 prime end of probe A726.
three guanine bases towards the §' end are capable of binding
to three complementary cytosine bases of the tox gene.
Stretches of three cytosines are common in DNA. The ten
guanine bases form a ligand capable of binding to 3 poly C

antiligand carricd upon a support such as oligo dC-cellulose.

However. seven guanine bases will not form a stable asso-
ciarion with a suppart at 37° C.. particularly if the probe is
bouzd to target due to steric hindrance and the size of the
target-probe  complex. Probe A726 was modified by the
random addition of approximately three residucs of 32p.aC
and 3°P-dG to its 3’ end with terminal transferase.

55

65

adducz of deoxythymidine of ten base Jength to allow the
beads to associate with probes tailed with deoxyadenosine in
a readily reversible manner.

Thus. 100 ml of beads having amine functional groups
such as BIO-MAG (M4100) beads were washed four times
with 20 oM sodium phosphate (pH 6.7) in four 275 ml
T.flasks. The beads were then washed with 1% glutaralde-
hyds io 20 mM sodium phosphate. Next. the beads were
reacted in 100 mi of 10 percent glutaraldehyde in 20 mM
sodium phosphate (pH 6.7) for three hours at room tem-
perature. The beads were then washed extensively with 20
oM sodium phosphate (pH 6.7) and then washed once with
20 mM phosphzte (pH 7.6).

Separately. a purified ethylene diamine (EDA) adduct of
pdT o (EDA-T o) was prepared in accordance with Chu. B.
C. F. G. M. Wah!, and L. E. Orgel; Nucleic Adid Res. 11,

x. & v 30
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65136529 (1983)_incarporated by reference herein. The
concentration of EDA-T, was adjusted to 1 OD/ml in 20

M phosphate (pH 7.6).

The EDA-AT ;o was combined with the magnetic beads to
allow the EDA-AT,, to react with the free aldehydc groups 3
of the beads. The mixtre of EDA-dT,, and beads was
divided into a plurality of S0 i polypropylene tubes. The
tubes containing the reaction mixture and beads were placed
in a tube rotator and agitated overpight at roam temperature.

Next. the beads were washed five times to remove pon-
covaleatly bound EDA-dT, with a wash solution of stegle
20 mM phosphate (pH 6.7) in large 275 m! T-flasks and
diluted to 200 m! with the wash solution.

For storage, beads can be maintained for months in 2 ¢
buffer of 20 mM phosphate. to which is added sodium azide
©0.1% and SDS to 0.1%. Bead preparations are stored at 4°
C. protected from light.

The beads were then prehybridized to block nonspecific
binding sites in a buffer. hereafier referred to as “prehybrid-

* jzation buffer”, of 0.75M sodium phosphate (pH 6.8). 0.5%
sodiun lauroyl sarcosine. 10 micograms/ml E. coli DNA,

tuting (for the purified EDA addud of dT,o) a solution

sodium phosphats (pH7.6).
E Target Capture Procedures

Bead preparations were uscd to capire target polynucle-
otides. The following sets forth a typical experimental targst
capaure protocol demonstrating rewievable supparts and
reversible captares for purposes of llustration. without
limitation. the procedure will be discussed using a first probe
1¢ A483 and a second probe AS32. The first probe, Ad483, was
randomly 3' end labeled with >?P-dCTP acd 32p_4GTPto a
specific radioactivity of about 10!° dpm/mg. The second
probe, A532. was trailed with about 70 unlabeled dA resi-
dues by the enzymse terminal transferase.

First. 200 pg/ml of labeled probe A483 and 400 pg/ml of°
tailedpxobcA532wmmixedwhhvaryingamoumsofa
heat-denatured 475 me Xba 1-HIND II restriction fragment
of the enterotoxin gene at 65° C. for 15 sminutes in 1.4M
sodium chloride. :

Next. target capmre was initiated by contracting the
medium cootaining the target and probe moietics with ap
aliquot of dT ,¢-magnetic beads having 3 mit 'ml of

0.5 milligram per mililiter mg/ml bovine serum albumin  dA, binding capacity following prehybridization proce-
(BSA) (Nucleasc-free) and 5 mM cthylene-  dures to reduce nonspecific binding to the magnetic bead.
" djamipetetraacetic acid) (EDTA). Before applying the 35 The magnetic bead and the probe-target complex was incu-
probes and beads to target capnue pr ocedures. two prehy-  bated at room temperatare in 0.1 ml prehybridization buffer
bridizations of the beads were performed. The prehytrid-  jn 5 ml polypropylenc tubes for two to five minutes.
ization procedure included placing the beads in ten volumes The tubes were placed into a Corning tube magnetic
prebytridization buffer. separatar. The Corning tube magnetic separatar UpoD acti-

The first prehybridization procedure was performed with 20 vation imposes a magnetic field through the polyproplyene
aguation at 60° C. The second prebybridization procedure tubes which immobilizes the magnetic beads on the inner
was performes at room temperaure with swirling. A 0.1 walls of the tubes. During the time that the magpetic beads
percent isoarnyl alcohol solution was added to the solutions  are jmmobilized on the side walls of the polypropylene
as a defoamant tubes. the criginal medium was removed and discarded

The binding capacity of dT,o-derivatized beads was mea- 35 While immobilized, the beads were washed threc tmes
sured by the following procedure. In scparale vessels, dT,, Wit 0.6 ml of prehybridization buffer containing isoamyl
and dAg, were S’ end labeled with ?P-dT and 2p.dA alcohol asa defoamant. Following the addition of the
respectively to a specific actvity (Sa) of about 10° dpmy  prehybridization buffer. the beads were sesuspended by
microgram. Next. the Sa was accurately measured for a removing the tabes from the magnelic field and by subject-
known quantity of reacted dTso by michloroacetic acid 46 ing the medium 1o vigorous vortexing. . .
Sy : e B e v be semoves

Nexw. 5 pg of *P-dA,; and f 2P-dTso. havi cads allowing the prey on buffes 10 be 1emoY
subsxanﬁasll;-idcmical Sas of tfet:ie: 100,00(’)‘:200.00(% and discarded. The cycle of adding the prehybridization
dom/mg, were separately added to tubes coptaining preby- buffer. resuspending the beads, immobilizing the beads, and
bridization buffer and brought to a volume of 1 ral. 45 discarding the prebytridization buffer was repeated twice.

A known sample volume of prehybridized beads was Target-probe co‘mpl.c Acs h.eld °:£1.° beads are a;a(xl.l;blc.for
placed into four tubes. Two of the four tubes each receive 0.5 further processiag jncluding tiopal steps o ection.

. o backeround capture ar further cycles of target capture.
32 =
ml of the *P-dA,, mixture apd the remaining two tubes A preferred target capture procedure includes releasc of

. ay . .
receive 0.5 ml of the **P-dT o mixture. All four solutions ar¢ . e target-probe complex and reca on a second § .

brought to hybridization condizons for five minutes. The : : et
beads are thereafter immobilized and washed. The activities f;;fpﬁ"y the suppert is chemically distinct from the frst
of the soém.flons are then mb"e:’dw"’d' The total bm:;m,g Release of the target-probe complex is effected in the
capaciry. L. 107 4 ‘}':::gdd bead preparation measured 1 following typical protocol Afier the removal of the last
IICTOgTams 15 set ow: ss prenybridization buffer, prebybridization buffer was added
to the tube containing the beads. The beads were incubated
C=VIA-TYX with agitation at 60° C. for one-two miputes to release the
probe-target complexes from the bead. The magnetic sepa-
In the above equzsion X is the specific activity of 3pgT,,  rator was again activated with the temperature at 60° C. and
in cpm/mg. V is the volume ratio of total volurne to sample 63 the eluate. coptaining free target-probe complexes. is

= g i I

TN

)
@
i

containing 100 mg poly A (Emw>100:000)in-50miof 20mM -~ -~

volurne. A is the average activity of the bezads suspended ip
32p_dA solutions in cpm. and T is the average activity of the
beads suspended in 32P-dT solutions ip cpm-

Those skilled in the art will recognize that other beads.
particles. filamerts. and the like can be formulated with
otber mucleotide combinations or homopolymers. For
example. polyA-derivized beads were produced by substi-

Ex. 8

removed from the tube. The cluate can be recaptured on
additional retricvable supports ar subjected to final capture
on conventional supports. It will be recognized by those
skilled in the art that the capture and release of the target
probe complex from retrievable supports such as the mag-
petic beads of the present example can be repeated as often
as desired to reduce hybridization backgrounds.
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Final captre of the probe-target complex was typically

containing nonspecifically bound or covalently bound
dT-3000. Thus. the target-probe complexes carried upon the
magnetic beads were released from the magpetic beads by
heating the beads (0 60° C. in prehybridization buffer for two
minutes. The beads were jmmobilized and the cluate
removed and passed through a 0.2 micron acrodisc
(Gelman) to remove magnetic fines. The nitrocellulose filter
containing dT-3000 selected. bound. and captured the dA tail
on the unlabeled probes.

The use of 3 chemically different solid support for the
final capture of the target-probe complex aveids binding
background molecules which may have 3 high affinity for
previously used supports. By way of illustration. i is pos-
sible for lower level contaminants with a natural high affinity
for a particular suppart 1o repeatedly bind and elute with a
support along with probe-target complexes. Such low level
contaminants cannot be diluted out by repeated use of a
retrievable support ¢f the same composition as completely
as by exposing them to supports of very different composi-
tions. Low level contaminants can also be lowered by
utilizing chemically distinct means to release the target-
probe complexes from supports and secapture.

F Background Capture Procedures

Background captare procedurss permit the selective
reduction of background noise permitting the detection of
signal indicative of the presence of target. Background
capture can be applied in a single probe system or in systems
using more than two probes. For example. in background
capture procedures featuring 2 single probe. the probe
includes a label moiety and a ligand. The probe is capable of
binding to a t-rget and the ligaad is capable of forming 2
stable bond to a suppart only when the probe is unbound to
target.

Similarly. by way of example. background capture pro-
cedures feanuring multiple probes in conjunction with target
capture include Two probes. A first targe! capture probe.
having an unlabeled ligand capable of binding to a first
support is used to capure the target and a second back-
ground capture probe. having a label moiety capable of
detection includes a second ligand capable of binding to a
second background support. Background capture is a valu-
able supplercent (o target capmre for enhancing the signal to
noise data of an assay.
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The following sets forth a typical background capmure ’

protocol using a first target capture probe AS532 and a second
background capture probe A726 and a target enterotoxin
gene elt Al. Those skilled in the art will recognize that the
probes used for dermopstration purposes are merely a matter
of choice. Other probes could be used also.

The probe AS32 was tailed with approximately 100 dA
residues capable of reversibly dinding to dT,o covaleatly
linked magnetic beads for initial target caphure and dT y00
nopspecifically bound to nitrocellulose for a final target
capture. The probe A726 was end labeled with the random
addition of approximately three residues of **P-dC and
32p 4G to the 3' end with terminal transferase. The probe
AT26 is capable of binding to dC-cellulose when the probe
is pot hybridized to target.

A solution containing the target-first and second-probe-
complex and potentially containing upbound second probs
is mixed with dC-cellulosc and the temperature of the
mixture maintained at 37° C. The temperature. 37° C.. is
higher than the dissociation temperature of ¢G, with oligo
dC. preventing binding of the target-first and second-probe-~
complex to the dC-cellulose. The temperature is also lower
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than the dissodiation temperature of dG,o With oligo dC to
. —performed . on _pitrocellulose_fikers ar_nylon membranes romote binding of unbound second probe having a dG tail
to the dC-ccllulose. Additio st and second”

€ targei-

probe complex is sterically hindered 1o a greater degree in its
approach to the dC-cellulose support than unbound second
probe. The dC-cellulose containing the sccond probe A726
is removed by centrifugation. however. those skilled in the
art will appreciate that other methods such as filtration may
be used as well. The remaining eluate contains target-first
and second probe complexes and a reduced concentration of
unbound labeled sccond probe A726.

G. EXAMPLES

Individual skilled in the art will recognize that the typical
protocols for retrievable support preparation, probe
preparation. target capture and capture are
capable of modification to suit special needs and purposes.
The following examples incarporate the typical procedures
outlined above unless otherwise noted

Example 1

Target Capture and Assay Using Magnetic Bead

Atarget capture assay was perfarmed with two probes and
& magnetic bead rewrievable supparnt. The target included the
Xba 1-Hind I fragment of the enterotoxigenic gene et Al.
A first probe included an AS32 thirtimer oligonuclectide
probe which was tailed with 130 unlabeled dA residues
capable fo binding to the dT,q residues of the magnetic
beads support. A second probe included an AA483 thirtimer
oligonucieotide probe capable of binding to the same targel
20 nucleotides downstreamn from the site of hybridization of
the first probe. The second probe was labeled by tailing the
thirtimer oligonucleotide with **P-dCTP and 3*P-dGTP to a
specific radioacitivity of 10'° DPM/microgram.

The tailed first probe and the labeled second probe were

incubated at 65° C. for 15 minutes in 1.4M sodium chloride
with various quantities of heat depatured 475 mer restriction
fragroents of the 10X gene. As a ponspecific binding back-
ground control. the tailed first probe and labeled second
probe were incubated in ideatical solutions in the absence of
any target. As specific binding controls. two additional
reaction mixtures were formed One reaction mixture
included the tailed first probe and the unlabeled second
probe incubated with four micrograrns of denatared E. coll
DNA. and a second reaction mixture of the tailed first probe
and the labeled sccond probe incubated in ten micrograms of
denatured human DNA in identical reaction mixtures with-
out apy target DNA.

After a 15 minute hybridization period. the samples were
incubated for five minutes with dT-derivatized magnetic
beads in 0.7 milliliters of 0.75 molar phosphate buffer (PB
6.8). The beads were magoetically immobilized and washed
extensively as described previously. The target-probe com-
plex was cluted from the beads at 60° C. in 0.6 milliliters of
0.20 molar phosphate buffer (pH 6.8). The first set of beads
was separated from the eluate and the target probe complex.
A second group of rmagnetic beads was added to the eluate
and brought to binding conditions to capture the target and
probe complex again. The second set of beads was washed
and the target again eluted from the beads and the beads
scparated from the cluate.

‘A third set of beads was added to the eluste containing the
target-probe cormplex and placed under binding conditions
to allow the beads to once again capture the target-probe
complex. The beads were then washed extensively and the
target cluted from the beads as previously described. The
beads were then separated from the cluate and the elvate

Pg-ﬁ!



@’ : oot nis 5.750.338 e LTI Ui LIl
S R oV 4
23 Ead -

passed_through dTsq-nylop into (WO millimeter square  plex was eluted from the first support as previously
e bed apd e first sotid supportremoved——————

slets. capturing the target-probe complex.

The dT 3500 Dylon membrane was prepared in which 2 ug
@Tso00 Was covalently bound to nylon using a hybri-slot
apparatus (Betlesda Rescarch Laboratory). Briefly. dT 00
(Life Sciences) was dotted directly onto a nylon membrane
such as Gene-Screen™ (New England Nuclear)in a sali-free
Tris bufier. The membrane was dried at room temperature
for 10 minutes. and then dried under an infrared lamp for an
additional 10 minutes before cooling back to room tempera-
ture for another 10 minutes. The filter apparatus coptaining
the nylon membrane was inverted on 2 uv-transilluminator
(Fotodyne) and exposed to uv light for two minutes at 40
uW/cm? to cross-link the dT o to the filter.

Next. the cluate containing the target-first and second-
probe-complex and potentially containing unbound second
probe was mixed with dC-celinlose and the temperature of
the mixture maintained at 37° C. The tempezature 37° C. is
higher than the dissociation terperature of dG, with oligo
dC to prevent binding of the target-first and second-probe-
complex to the dC-ccliulose. The temperature was also
maintained lower than the dissociation temperature of dG,q
with oligo 4C to promote binding of unbound second probe
having a 4G, tail to the dC-cellulose. The target-first and
second probe complex is sterically hindered to 2 greater
degree in its approach to the dC-cellulose support than

The 0T so00 MeTmbrane was prehybridized by sequentally 13 unbound second probe. The dC-cellulose was removed by
passing the following solutions through the membrane: centrifugation. however. those skilled in the art will appre-
(1) 1% SDS; ciate that other methods such as filration may be used as
(2) 0.5 mg/ml BSA in 0.5% SDS: and. finally. well »
(3) prehybridization buffer The remaining eluate was passed through a 0.2 micron
The dTs000-2yloD potentially containing the target-probe 26 acrodisc (Gelman) to remove magnetic qnd cellulose fines.
complex was washed with 0.2 molar sodium phosphate and ~ Then. the eluatz was passed through nitroceliulose filters
< millimolar EDTA. The ryicn support was monitored  conlaining dTaa0 at 22° C. The nitroceDulose effected final
overnight by audioradiography for the presence of the 3P target capture.
label moicties of the sccond probe. Following Table 2 sets forth below the application of background
" audioradiography, the bands were cut out of the filier and 25 capture: _

oy counted in base scintillation fluid. The counts were 2100 and

= 1400 counts per minute in the solution containing three TABLE 2

EH femtomoles (107** moles) of a restriction fragment contain- - -

i ing the tox gene. Samples containing 30 azomoles (107® s (Sclg:‘, (rg;

:’ males) of the restriction fragment containing the tox gene 30 P

HEE produced a count of 62 counts per minute. Fiost Experiment.

o i A third sample containing no DNA produced seven counts
Y 5 per mibute. A fourth sample containing tea micrograrus of B;g:‘.r:msg? (m‘l‘gg;”) zoo.ozgfl)
N4 ; heat denamred human DNA produced O counts per minute. ‘A Backgroand Capture 455 25

i A fifth solution containing 4 micrograms of heat depatured 35 Afier Filoation 395 <
E. coli DNA produced 7 counts per minute. The aRsolutcd Second Experiment
sensitivity of the protocol was estimated to be 107° of tox . - -
gepe. The overall sfficiency of the recovery of labeled BA;::‘ T::ffm ! 1588 ) ‘°°°°§
target-probe complex was estimated to be 1 to 2 percent of Afer Background Capnare 1084 &

= the input. The assay demonstrated good spedificity. There is 40 (Filraticn step

2o more labeled probe in the samples coptaining human 3s not performed)

HIEY DNA ar E. coli DNA than in the sample containing 06 DNA

= at all. Repetition of the experimental protocol has produced The rernoval of noise to kess than 1 cpm allows the detection

L overall efficiency of capture of the target of almost 5 percent. of very small quantities of target within a sample. As little

i The procedures reduced background from ap initial level of 45 as 107'% moles of target have been detected which is within

= 10" rmolecules of the labeled unhybridized probes 1o about  the range necessary for clinical applications.

L 10¢ moles. The reduction and background represents a 7 log One round of target capture removed about 3 logs of
improvement which mare than adsquately compensales for background. One round of background capture removed 1
the reducton and efficiency of capture. log of background not already removed by the primary target

E 1s 2 s0 capture. Final target capture by filration (a second round of
target capture) removed 2 logs of background not removed
The present example features target capture with back- by either of the furst two steps. Target and background
ground caprure. Target and background capoure was effected  caprure methods work independently to reduce backgrounds
using an unlabeled first target capture probe. AS32 as by about 6 logs in this example. Background capture appears
described ir target capture. and a second labeled backpround ss 1o work bener when applisd after a first target capture.
capture probe A726. Apparently. background capture is much more sensitive to
First. 160 pg/ml dA-tailed AS32 and 40 ng/ml 3P-labeled  impurities in the sample then target capture. .
probe A726 ware cornbined to for a probe mix. The probe The combination of background capmre following target
mix was added to § pl of bacterial extract containing various capture produces a greater benefit than either applied alope.
argounts of entarotoxigenic gzoe. The exuract-probe mix was 66 Although the foregoing cxamples recite radioactive label

incubated at 22° C. for 15 minutes.

After a fifteen minute hybridization period. the samples
were diluted with ten volumes of prehybridization buffer
incubated for five minutes with dT-derived magnetic beads
in 0.7 m! of 0.75M phosphate buffer (pH 6.8) to effect target
caprure. The beads were magnetically immobilized and
washed extensively. The target-first and second probe com-

6

moieties. it is expected that the present procedure would
have its greatest impact on assay procedures utilizing non-
radicactve label moieties. In particular, the present ipven-
tiop would be applicable to luminescent label moietics
including flucrescent and chemiluminescent agents. Suitable
fluorescent labels include. by way example without
limitation, fuoroscein, pyrere. acridine. sulforhodamine.
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cosin. erythrosin. and derivatives thereof. Suitable chemi- One volume ¢f the probe mix was mixed with one volume
, i of le of the dilution series o form a hybridization

nt-agents— y
timitation. microperoxidase. luminol. jsolurninol. giucose
axidase. acridinium esters and derivatives thercof.

Example 3

The following example features ponradioactive Jabel moi-
etics and multiple rounds of target capume from spiked
biological media. The spiked biological media resembles
samples which would be obtained clinically in a medical
setting.

Cell exmacts of enterotoxigenic E. coli and wild type E
coli were preparcd as previously described. To measure the
sensitivity of the detection of tax gencs in an environroent
analogous to a clinical setting. extract containing toxigenic
bacteria was diluted with the extract containing the wild type
E. coli as previously described.

The following materials were obtained from aconymous
donors: human stool sample. cow's milk. human saliva,
human phlegm. humasn whole blood. human serum. human
urine and human seraen. Clinical-type samples were solu-
bilized over a time period of ten minutes. The stool sample,
due 1o its solid parure. was solubilized in a solution of SM
GuSCN, 0.3M Tris-HCl (pH 7.4). 0.1M EDTA(pH 7). 1%

betamercaptoethanol. Following solubilization, aliquots of *

the sample were made and each aliquot was spiked with 2
known quantity of either toxigenic E. coli ar wild type E.
coli. The raixnare was then passed through a crude filtration
(Biorad Econocolumn) and heated to 100° C. for five
minutes.

The remainder of the samples were more liquid in nature
and were handled differentdy than stool. Liquid samples
were added o solid GuSCN to make the final concentration
SM. The solid GuSCN also ccoained sufficient Tris-HCL,
EDTA. and betamercaptoethanol to make the final concen-
wations the same as in the stool example. Next. aliquots of

_ the samples were made and cach aliguot was spiked with a

known amount of taxigenic E. coli or wild type E. coli. The
mixture was passec through a crude filwation (Biorad
Ecopocolumn and heated to 100° C. for five minutes.

The preparation of probes in Example 3 differs from
previous examples. A first capturs probe was generated with
the plasmid pBR322. The plasmid was restricted with Hha
1 and Hae III and plasmid fragments were tailed with about

¢
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100 dA residues with terminal transferase. The target plas- -

mid contaibs extensive homology with pBR322 (Spicer and
Noble. J. Biol. 257: 5716-21). Thus. first capture probes
were generated from multiple fragments of both strands of
the plasmid pBR322 in relatively large quantities.

A second label probe was mads to combine specifically to
the target epterctoxin gene. The second label probe was
generated from an EcoRI-Hind Il restriction fragrnent of the
elt Al gene cloned into bacteriophage M13mpl8. The E. coli
HB101 was infected with the bacteriophage and grown to
midlog phase. The E. coli were harvested, and the bacte-
riophage were isolated. Bacteriophage was nick-translated
with biotinylated dCTP (Enzo-Biochemicals) using a stock
nick-translation kit availabie from Bethesda Research Labo-
ratories. Approximately five percent of the nucleotides wers
replaced with biotinyl cucleotides to form a biotin-labeled
second probe.

A probe mix was made by combining 8 pg/ml of the
second M13-tox probe with 4 pg/ml of the first dA-tailed
first probe in 20 mM Tris-HC (pH 7.4) and 2 mM EDTA.
The probe mix was heated to 100° C. for ten mninutes to
denature the probes.

65

mixarre. The hybridization mixture was maintained under
hytridization conditiops at 57¢ C. for fiftcen minutes. The
hybridization mixtures were subsequently diluted with ten
volumes of blocking buffer 0.75M sodium phosphate. pH
6.8. 0.5% sodium laaryl sarcosine. 10 mg/ml E. coli DNA,
0.5 mg/ml bovine scrum albumin (BSA-puclease free) and
$ mM EDTA). To the hybridization mixture were added
&T,, derivized magnetic beads prepared as previously
described. Hydridization conditions were maintained
approxirately ope minute at 22¢ C. The beads were then
scparated from the hybridization mixture by magpetically
immobilizing the beads. The beads were washed twice
during a fifteen minute time interval 1o remove impurities in
the biological specimen and unhybridized biotip labeled
second probe.

Next. in a time period of approximately one minute, the
first and second probe-target complex was cluated from the
magnetic beads at 65° C. in blocking buffer. The eluate and
the first beads were separated.

In a time period of approximately seven minutes. the first
and second probe-target complex was releasibly bound to 2
second set of beads and again released. A second set of dT o
derivized beads were then added to the eluate and hybrid-
{zation conditions maintained for approximately one minute
at 22° C. The beads were then washed and resuspended in
blocking buffes. The bead blocking buffer mixture was then

brought to 65° C. to release the first and second probe-target .

complex.

Over a time period of five minutes. final capture of the
first and second probe-target complex on nitrocellulose was
effected. The eluate from the second beads was filtered
through a Gelman acrodisc (0.2 micron). The eluate con-
taining the first and second probe-tarpet complex was then
passed through 3 dTyo00 nitrocellulose filter (prehybridized
with blocking buffer) at 22° C.

In a time period of approximately thirty minutes the filter
was further processed to detect the biotin labels of the
second probe. Buffer compositions nsed in detection are
jdentified below in Table 3.

TABLE 3
Detection Buffers

Buffer
Nzeber Composition
1 1 M NaCL 0.1 M Tris-HCI (pH 7.4). 5 mM MzCl,.

9.1% Tween-20
1a No. 1 with § mg/m] BSA. 10 micrograms/ml

E. coli DNA
2 No. 1 with 5% BSA, 0.5% Tween-20
3 0.1 M NaCL 01 M Tris-HC1 {pK 9.5). 50 mM MgCl,

First. the filter carrying the first and second probe-target
complex. was incubated for approximately five minutes in
detection buffer No. 2. Next. the filter was incubated for five
roinutes in a 1:200 dilution of strepavidin-alkaline phos-
phatase (Bethesda Research Laboratories) in detection
buffer No. 1a. Thereafter. the filter was washed three times
in onc minute in detection buffer No. 1 and then washed
twice in one minute in detection buffer No. 3.

Next. 5-Bromo-d-chlaro-3-indolyl phosphate (BCIP) and
pitroblue tetrazolium (NBT) (Kierkegaard and Perry) were
diluted twelve times in detection buffer No. 3. and filtered
through a 0.2 micron acrodisc. The diluted BCIP and NBT
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solution was added to the filter and color aliowed to develop

applying different releasing conditions tends to retain back-

for fiftcen minutes at 37° C.

Next. the filter was incubated in 50 mM Tris-HCl (pH7.4)
and 10 mM EDTA for one minute 1o stop the reaction.
Sepsitivity was dctenmined visvally op the filter or by
densitometric scanning on a CS 930 (Shimadzo Scientific).

The steps in the presegt method are cutlined below in
Table 4.

TABLE 4
Elh; Time
Time Cummhative
Required Timed
Step Number (min) (min.)
1. Dissolution of biclogical sample: 10 10
demaruratsen of DNA
2. Add labeled and unlabeled probes; 15 25
hybridize in solution at si*C.
3. Capeure probe-farget complex 1 26
on magnetic beacs
4, Wash magnetic beads to remove 15 41
irepurities in the biological
specimen and bybridization
S. Elute the probte-target complex 1 42
6. Repeat steps 3-5 on 2 second 7 4
se: of beads (except sbbreviate
the washes)
7. Bind the probe-taget complax o s 54
AT yo00-nitrocellulose
8. Insubate filter in blocking buffer - 5 5
9. Bind swepuvidin-alkaline pbosph 5 64
10. Wash ] &
11. Add dyes to detest enzymme 15 84
12. Quench naction 1 85

Although Table 4 set forth an example wherein the
clapsed ‘imc is just over one hour. the procedure is capable
of modification and can be perfarmed in shorter times.
Noaradioactive probe assays of comparable sensitivity may
require twelve hours to several days and require extensive
sample preparation.

The sensitivity of the present assay is sct farth in Table S
below:

TABLE S
Sensitjvirv Level
Concentraton
mthe

Biclogical Hybridizatics Number of
Specimen Mixnoe - Bacteria
bacteria) exract alooe 1500
buman swol 2.5% (W) 2000
cow's milk 12.5% (viv) 3000
Inpan saliva 125% (viv) 3000
buman wrine 12.5% (vv) 000
buman semen 255 (viv) 000
human binod 12.5% {viv) 9000
buman senum 12.5% (viv) 9000
buman phlegm 12.5% (vi¥) 9000

Further. the present procedures arc capable of further
modificatioas to improve sensitivities. For exarple. a com-
bination of thermal clution and chemical eluton in multiple
caprured release cycles produces a signal to noise ratio five
times better than single forros of clution. either multiple
thermal elutions alone or multiple chemical elutions alone.

Applying the same releasing er elution procedure tends 10
release the same background from the support. However.

5

190

15

P21

as

€5

unlikely that backgrousd will behave identically to target
under two physically or chemically distinet conditions.

A typical chemical clution of target-probe complexes on
magnetic beads includes bringing beads in contact with 3 M
GuSCN far one minute at room temperature. Examples of
therma) elutions have been described previously.

The ability to detect bacteria would also be improved by
directing probes to ribosomal RNA. sequences. Ribosomal
RNA sequences present to thousand fold increase in target
per c2ll as compared to gepomic DNA and clinically sig-
pificant plasmid DNA.

The sensitivity of the above DNA or RNA target capture
methods can be enhanced by amplifving the capmred
pudeic acids. This can be achieved by non-specific replica-
tion using standard cnzymes (polymerases and/or
wanscriptases). Afier replication. the amplified pucleic acid
can be seacted as above with capture probe. reporter probe.
and capture beads to purify and then detect the amplified
sequences.

In addition. where amplification is employed following
purification of the target nucleic acids as described above.
the amplified puclcic acids can be detected according to
other. conventional methods pot employing the capture
probe, reporter probe, and caprure beads described above.
i.c., detection can be carried out in solution ar on a support
as in standard detection techniques.

Amplification of the target nucleic acid sequences.
because it follows purification of the target sequences. cab
employ non-specific enZymes or primers (ie.. enzymes or
primers which are capable of causing the replication of
virrually any nocleic acid sequence). Although any
background, non-target. pudleic acids are replicated along
with target. this is pot a problem because most of the
background pucleic acids have been removed in the course
of the eapture process. Thus o specially tailored primers are
peeded for cach test. and the same standard amplification
reagents can be used. regardiess of the targets.

The following are examples of the method.

Example 4

The following example fliustrates the use of RNA poly-
merase to amplify target DNA captured by a method which
is a variation of the capture method discussed above.

Refemring to FIG. 4. target DNA of a sample is first
reduced in size by shearing ar by limited nuclease digesion.
according to standard methods. A recA protein coated cap-
ture probe is then added to the digested target DNA (Proc.
Nati. Acid. Sci. U.S.A. (1986) 83:9591) Ths recA protein
coated probe contains a nucleic acid sequence (a) that is
homologous to a first target (a*) sequence of the target DNAL
as well as a homopolymer ssquence hormologous to a nucleic
acid sequence op a capture bead. This capture bzad is then
added to the mixture to isolate and purify the target nucleic
acid. as described above.

The capture DNA is amplified by weatment of the mixrure
with E. coli RNA polymerasc lacking sigma subuait, ic.,
core cozyme; E. coli RNA polymerase is described by R
Burgess in RNA Polymerase, Cold Spring barbor press, pp-
69-100, and can be purchased from New England Biolabs.
Beverly. Mass. The sigma subuait is removed according to
the procedure described in J. Biol. Chem. (1969) 244:2169
and Nawre (1969) =22 1=:43. Other phage or bacterial RNA
polymerases that lack transcriptional specificity can a'so be
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used. Core enzyme is added together with nucleotide triph-

osphatesand a fow saltwanscn
io Eur. J. Biochem (1976) 65:387 and Eur. J. Biochem
(1977) 74. 1107.

A suitable nuclectide triphosphate/wanscription buffer 3
solution has the following composition:

0 to 50 mM NaCl or KQ1

25 mM Tris HC1 pH 7.9 buffer

10 mM MgCi:

0.1 mM EDTA

0.1 mM dithiothreital

0.5 mg/ml BSA

0.15 mM UTP. GTP. CTP. ATP

The resulting non-specific trapscription of the target DNA
produces many RNA transcripts of the target DNA which are
then captured using 2 capture probe containing a sequence
(b}) homologous to a sequence (b) of the RNA wanscripts.
A reporter probe containing a sequence (c*) homologous 1o
another sequence (c) of the RNA wanscript is then used for
stection.

Exarmple 5

~Ip this example both non-specific replication of target

DNA and wanscription of that DNA are used to amplify
capture target DNA

Referring to FIG. 5. denatured sample DNA is captured as
described above and the enzyme DNA polymerase (far
example. Klenow fragment; Dur. J. Biochem. (1974) 45:623
available from New England Biclabs). random oligohex-
amer primers {i.c.. Hexamers prepared to contain randomly
sclected bases at each pucleotide position in the hexamen)
and deoxynucleotide triphosphates are added in appropriate
buffers to canse replication of target DNA to form additional
double sxanded DNA. Suitable oligohexamer primers are
available under catalog No. 27-2166 from Pharmacia. Inc.
Piscotaway, N.J. A suitable deoxynucleotide triphosphate/
buffer solution has the following composition:

66 mM glycine-NaOH buffer. pH 9.2

6 mM MgCl, :

1 mM 1-mercaptocthonal

30 mM each d CTP. d GTP. d TTF. d ATP

Because the primers arc random. some Will. simple as a 4
roatter of statistics. bind to and cause replication of sample °
sequences. no matter what those sequences are.
(Alterpatively. the double stranded DNA can be formed by
synthesis starting from capture probe a.) RNA polymerase
lacking sigma subunit is then added along with nucleotide
wiphosphates and low salt ranscription buffer. Transcription
from the target DNA (which has been increase d in number)
produces many RNA copies of this DNA. The RNA ran-
scripts arc then capured and detected as in example 4.

3
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Example 6 3

In this example target DNA is replicated using DNA
polymerase.

Referring to FIG. §. sample DNAis deoatured. reduced ip
size and captured as described in examples 4 apd 5. DNA
polymerase, for cxample. Klenow fragment, and deoxy-
nucleotide triphosphates are added in appropriate buffer with
racdom hexamer cligopucleotides to bring about zon-
specific double-swranded DNA syntheses. The in vitro syn-
thesized DNA product is then made single strandzd by heat
wreamment (e.g.. 100° C. for three minutes). ar its equivalent.
and additional DNA ¢ ~ymerase is then added to replace that

«
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rendered inactive by the heat treatment Further in vigo
ication then is allowed to occur. The heat treatnent

and polymerization reactions are repeated about 10 times to
produce an approximately 1.000-fold increase in the level of
target DNA. The replicated DNA is denaired in vitro using
heat or alkali and then captured and detected as described
previously.

Example 7

In this example. IRNA or RNA transcribed from target
DNA is purified using a capture probe, described above. The
hybrid duplex is then depatured and single stranded pucleic
acids are then replicated non-specifically using QP replicase
(methods in Enzymalogy (1979) 60:628. This replicase
replicated both messenger RNA and ribosomal RNA non-
specifically under the conditions described by Blumental,
Proc. Natl. Acad Sci. U.S-A. 77:2601. 1908. Because the
replication product is a template for the enzvme, the RNA is
replicated exponentially.

While preferred embodiments have been fllustrated and
described. it is understood that the present invention is
capable of variation and modification and. therefore, should
pot be limited to the precise details set forth. but should
include such changes and alterations that fall within the
purview of the following claims.

We claim:

1. A method for amplifying a target polynucleotide con-
tained in a sample comprising the steps of:

(a) contacting the sample with a first support which binds

to the target polynucleotide;

(b) substantially separating the support and bound target

polynucleotide from the sample; and

(c) amplifying the target polynucleotide.

2. The method of claim 1 wherein the first suppart is
retrievable. ) C

3. The method of claim 1 wherein the first support
includes a probe which binds with the target polynucleotide.

4. The method of claim 1 wherein the target polynucle-
otide is amplified with a polymerase.

5. The method of claim 4 wherein the polymerase is a
DNA polymerase, an RNA polymerase, a transcriptase or
QB replicase.

6. The method of claim 4 wherein the target polyoucle-
otide is a DNA polynucieotide and the polymerase is a DNA
polymerase.

7. A roethod for detecting a target polynucicotide con-
tained in a sample comprising the steps of:

(2) contacting the sample with a first support which binds

to the target polynucleotide;

(b) substantially separating the first support and bound

target polynucleotide from the sampie;

(c) amplifying the target polynucieotide; and

(d) detecting the presence of the amplified target poly-

nucleotide.

8. The method of claim 7 whersin the first support is
remievable.

9. The method of claim 8 wherein the first support
inclodes a probe which binds with the target polvnucleotide.

10. The method of claim 7 wherein the target polynucle-
otide is amplified with a polymerass.

11. The method of claim 10 wherein the polymsrase is a
DNA polymerase. an RNA polymerase. a transcriptase or
QB replicase.

12. The method of claim 11 wherein the target polynucle-
otide is 3 DNA polynucleotide and the polymerase is a DNA
polymerase.
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13.The_method af claim 7 wherein the amplified target 21. A method for amplifying a target polynucleotide
polynucleotide is contacted with a label. contained id 3 Sampic e-stepsof - -

14. The method of claim 7 wherein the amplified target

lynucleotide is contacted with 2 labeled probe.

15. The method of claim 7 wherein the amplified target
polypucleotide is contacted with a sccond suppert which
binds to the amplified target polynucleotide.

16. The moethod of claim 15 wherein the amplified target
polynucleotide is contacted with a labeled probe.

17. The method of claim 16 wherein the target polypudle-
atide is amoplified with a polymerase.

18. The method of claim 17 wherein the target polynucle-
otide is a DNA palynucteotide and the polymerase isaDNA
polymezase.

19. A roethod for detecting a target polynucleotide con-
tained in a sample comprising the steps of:

(a) contacting the sample with a first support which binds

to the target polynuciectide;

(b) substaptially separating the first support and bound
target polypucleotide from the sample;

{c) amplifying the sample with a DNA polymerase;

(d) contacting the arnplified target polynucleotide with a
second support which binds to the amplified target
polynucleotide and also with a labeled probe which
binds to the arcplified target polynucletide; and

(¢) detecting the presence of the amplified target poly-
nucleotide.

20. A kit for detecting a target polynucieotide contained in

a sample comprising:

{a) means for substantally separating the target poly-
nucleotide from the sample:

(b) means for amplifying the target polypucleotide;

(c) means for binding the amplified target polynucleotide
to a solid support; and

(d) means for labeling the amplified target polynucleotide.

21. The kit of daim 20 wherzin:

(2) the means for substantially separating the target poly-
nucleotide from the sample include a first support;

(b) the meaps for amplifying the target polynucleotide
include a polymerase;

(c) the means for binding that amplified target polynucle-
otide to a solid support include a capture probe which
binds to the solid support and to the amplified target
polynucleotids; and

{d) a detector probe for labeling the amplified target
polynucleotide.

22, The kit of claim 21 further comprising a capnure probe

which binds 1o the first supporst and to the target.

23. The kit of claim 22 wherein the polymerase is a DNA
polymerase and the detector probe is labeled

24. A kit for amplfying a target polyoucleotide contained
in a sample comprising:

(3) roeans for substantially separating the target poly-

nucleotide from the sample and

(b) means for amplifying the target polynucleodde.

25.'Ifheldtofclaim24whcxcin:

(2) the means for substantially separating the target poly-
pucleotide from the sample includes a support which
binds to the target polynuclectide and

(b) the means for amplifying the tazget polynucleotide

. includes a polymerase.

) 26. The kit of claim 25 whersin:
(a) the polymarase is a DNA polymerase; and

. (b) the means for substantially separating the target poly-
) nucleotide from the sample includes a probe which
.y binds to the target polynuciectide and the support.
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{a) contacting the sample medium with reagent compris-
ing a first nucleic acid probe which binds to the target
to form a probe-target complex:

{b) contacting the sample medium with a support which
binds to the first nucleic acid probe of the probe-target
complex;

(¢) substantially separating the suppart and bound probe-
target complex from the sample roedium;

(d) contacting the suppart and bound probe-target com-
plex with & second medium;

(¢) releasing the probe-target complex into the second
mediurg;

(f) substantially separating the support from the second
medjum: and

(g) amplifying the target polynucieotide.

28. A method for detecting a target polyuncleotide con-

tained in a sample medium comprising the steps of:

(a) contacting the sample medium with reagent cornpris-
ing a first nucleic acid probe which binds to the target
to form a probe-target complex:

(b) contacting the sample medium with a suppart which
binds to the first nucleic acid probe of the probe-target
complex; ' ‘ :

(c) substantially separating the support and bound probe-
target complex from the sample medium;

(d) contacting the support and bound probe-target com-
plex with a second medium;

(¢) releasing the probe-arget complex into the second
medinm;

() substantially separating the support from the sccond
medium;

(g) amplifying the target polyoucleotide; and

(h) detecting the presence of the target polynucieotide.

29. The method of detecting a target polynucleotide of
claim 28 wherein the target polynucleotide is amplified with
a polymerase.

30, The method for detecting a target polypucicotide of
claim 29 wherein the polymerase is a DNA polymerase. an
RNA polymerase. a transcriptase. of QB replicase.

31. The method for detecting a target polynucleotide of
claim 30 wherein the polymerase is 2 DNA palymerase.

32 The method for amplifying a target polynucleotide of
claim 27 wherein the target polynucleotide is amplified with
a polymerase.

33, The method for amplifying a target polynucleotide of
claim 32 wherein the polymerase is a DNA polymerase.

34. A method for amplifying a target polynucleotide
coptained in a sample medium comprising the stcps of:

(2) contacting the sample medium with a support and a
probe which binds to the target polynucleotide and the
supportt; ]

(b) substantially separating the support and bound probe
and target polynucleotide from the sample medium;

() contacting the support and bouand probe and target
polynuclectide with a second medium;

(d) releasing the target polynucleotide into the second
roedium;

(¢) substandially scparating the support and bound probe
from the second medium; and

(f) amplifying the target polynucleotide.

35. The method for amplifying a target polynucieotide of
claim 34 wherein the target polynucleotide is amplificd a
polymerase.
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. 36. The method for amplifving a target polynucleotide of (d) releasing the target polynucleotide into the second
claim-38 wherein-the polymerass- P i
RNA polymerase. a transcriptase of QP replicase. (c) substantially scparating the support and bound probe
37. The method for amplifying a target polynucieotide of foem the second medium:
claim 36 wherein the polymerase is 2 DNA polymerase. 5 ifyi .
38. A method for detecting a target polynucleotide con- ® a;:pl ] & ntlh € wrget pol);nucleoude.. a:d
tained in 2 sample medium comprising the steps of: (Slud‘:gndi ¢ presence of the amplified target poly-

(a) contacting the sample medium with 8 suppart ad 39 Te method for detecting a target polynucleotide of

probe which binds to the target polynucleotide
support:

andthe c1iim 38 whercin the target polynucleotide s amplified with
a polymerase.

(b) substantially separating the support and bound probe 40, The method for detecting 2 target polynucleotide of
and target polynucieotide from the sample medium: claim 39 wherein the polymerase is a DNA polymesase.

(c) contacting the support and bound probe and target

polynucleotide with a second medium;
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